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PREFACE 



I 



> First Edition. 1879. 

HILE making known the character and quality of our manufactures, we have endeavored 

from practical experience, and can bedepended uoon as .,,.-,-,-. t v Z* r ,. iar * el > 

7b Eleventh Edition, /SSj. 

To Thirteenth Edition, iS8jf. 

J_JAYI.\C, .,,.,„, revis ed "Steam." and enlarged it l,v the addition of new and useful in 

To Twentieth Edition. /SSg. 

» i,h "• •«*-" matter, i. nil, p ..„ „,.;,. ££ „, thVpuM^ '* ~" "'^ *»* 

To Twenty -it nt_luU iion, y.s'.Vy. 

"fHE demand for the new form of "Steam" exhausted an edition of to.ooocopies in four 
A month,, and opportunity is taken in issuing another to tdd some f„ni„ r . , ,„ T- 
notably that pertaining to burning green bagasse. "* otmterest - 

To Tweniy-lhird Edition, ;S 9 j. 

CTILL fortheradditions have been made to the present edition, including, among other thines 
-» he I* tore on circulate oi water, and the table and formula on equation of pipes ■ theuWe 
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ECONOMY AND SAFETY IN STEAM GENERATION. 



pCOXOMY IX THE USE OF COAL is a 
■ L ' matter of gre.it and growing importance. 
It is estimated that the annual production of coal 
in the world at the present time is not far from 
400,000,000 tons. The report of the Royal Com- 
mission in England in 1870, shows the distribu- 
tion at that time to have been as follows : 

Metallurgy and Mines. - - 44 per cent. 

Domestic purposes, including gas and water, - 26 " 

General Manufacturing, - - . _ 2 - 

Locomotion by sea and land. - - - _ 5 •• 

As a considerable part <>f tin- coal used in met- 
allurgy and mines, as also that fur domestic 
water supply, is used for power, we shall not be 
far wrong in estimating that one-half of all the 
coal mined, or 200,000,000 tons annually, is used 
for making steam. A low estimate of the value 
of this coal at the place of use would be an aver- 
age of $2.50 per ton, which gives .is the present 
annual expenditure for steam, a sum equal to 
$500,000,000; from which it will he seen how 
largely even a small per cent, of saving would 
add to the wealth of the world. 

It is estimated that of the steam-power at pn 
ent in use in the world, 80 per cent, has been 
added in the List twenty-five years, so that these 
figures are none too large for the present time. 

While manufacturers and engineers have given 
much care to the improvement of the steam 
engine, whereby they might reduce the con- 
sumption of steam fur a 11 amount of power, 
but little attention, comparatively, has been given 
to securing economy in its generation. In fact, 
the boilers in use at the present day, are sub 
stantially the same as were in common use at the 
close of the last century, and but slight advance 
has been made in their economj I >flate J ears, 
however, steam users have begun to realize that 
there are principles and aims of equal promi- 
nence, and greater importance, to be considered 
in choosing a boiler, to the selection of a steam 
engine. 

Engineering experience and scientific investi- 
gation have established the following as the 



Requirements of a Perfect Steam Boiler. 

1st. The best materials sanctioned by use, 
simple in construction, perfect in workmanship, 
durable in use, and not liable to require early 
repairs. 

2d. A mud-drum to receive all impurities de- 
posited from the water in a place removed from 
the action of the fire. 

3d. A steam and water capacity sufficient to 
prevent any fluctuation in pressure or water level. 

4th. A large water surface for the disengage- 
ment of the steam from the water in order t( -pre- 
vent foaming. 

5th. A constant and thorough circulation of 
water throughout the boiler, so as to maintain 
all parts .it 1 >ne temperature. 

6th. The water space divided into sections, 
so arranged that should any section give out, no 
general explosion can occur, and the destructive 
effects will be confined to the simple escape of the 
Contents; with large and free passages between 
the different sections to equalize the water line 
and pressure in all. 

7th. A great excess of strength over any le- 
gitimate strain , so constructed as not to be liable 
to be strained by unequal expansion, and. if 
possible, no joints exposed to the direct action 
of the fire. 

8th. A combustion chamber, so arranged that 
the combustion of the gases commenced in the 
furnace may be completed before the escape to 
the chimney. 

9th. The heating surface as nearly as possible 
at right angles to the currents of heated gases, 
and so as to break up the currents and extract 
the entire available heat therefrom. 

10th. All parts readily accessible for cleaning 
and repairs. This is a point of the greatest im- 
portance as regards safety and economy. 

Ilth. Proportioned for the work to be done, 
and capable of working to its full rated capacity 
with the highest economy. 

I2th. The very best gauges, safety valves, and 
other fixture 
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Importance of Providing Against Explosion. 

That the ordinary forms of boilers are liable to 
explode with disastrous effect, is conceded. That 
they do so explode is witnessed by the sad list of 
casualties from this cause every year, and almost 
even- day. In the year 1880, there were 170 ex- 
plosions reported in the United States, with a 
loss of 259 lives, and 555 persons injured. In 1887 
the number of explosions recorded were 198, 
with 652 persons either killed or badly wounded. 
The average reported for ten years past has 
been about the same as the two years given, u hile 
doubtless many occur which are not rec< >rded. 

Theie ia no need to resort to mysterii >us causes 
fortha destructive energy displayed in a boiler 
explosion, for there is ample force confined 
within it to account for all the phenomena. Prof. 
Thurston* estimates that there is sufficient stored 
energy in a plain cylinder boiler with 100 lbs. 
pressure of steam to project it to a height of over 
three and one-half miles ; a "two-flue' boiler 
about 1 WM and one-half miles; a "locomotive" 
at 125 lbs. from one-half to two-thirds oi a 
mile; and a 60 H. P. return '-tubular" at 75 lbs. 

somewhat over a mile high. He says, "acubic 
foot of heated water under a pressure of 60 to 70 
lbs. per square inch, has about the same energy 
as one pound of gunpowder. At .1 low, red heat, 
it has about forty times this amount of energy in 
a form to be so expended." Speaking of water- 
tube boilers he says : " The stored available en- 
ergy is usually less than that of any of the other 
stationary boilers, and uotvery far from the aim unit 
stored, pound for pound, in the plain tubular 
boiler. It is evident that their admitted safety 
from destructive explosion does not come from 
this relation, however, but from the division of 
the contents into small portion^, and especially 
from those details of construction which make it 
tolerably certain that any rupture shall be local. 
A violent explosion can only come o>' the general 
disruption of a boiler and the liberation at once 
of large masses of steam and water." 

The Hartford Steam Boiler Inspection and In- 
surance Company report that up to January 1, 
iSSS, they had inspected in all, 799,582 boilers, 
and had discovered 522. S73 defects, of which 
93,022 were considered dangerous. If now the 
above were a fair average of the boilers in ordin- 
ary use — and who shall say they are not? — we 
have the startling fact that more than one boiler 
in nine in common use, is in a "dangerous 
condition." That more do not explode, is pro- 
bably due less to intelligent watcheare than to the 
fortunate lack of all the necessary conditions 
existing at one time. 

* Transactions Am. Soc. Mcc. Eng , Vol. 6, page iqo. 



Causes of Explosion. 

It is now fully established by the < sperience 
ol boikr Insurance Associations in this country 
and England, that all the mystery of boiler ex- 
plosions consists in a want of sufficient strength 
to withstand the pressure. Thislai k of strength 
may be inherent in the original construi tion.but 
is most frequently the effect of weakening of 
the iron by strains due to unequal expansion 
caused by unequal beating of different portions 
( •!" the bi liter ; or it may be due to corrosion from 
long use or improper setting. 

If steam boilers are properly proportioned and 
constructed, they will, when new, be safe against 
considerably more pressure than the safety valve 
is set to; and the hydrostatic test, properly ap- 
plied, may discover faults m material, or the 
weakening effects of corrosion ; but, against the 
danger resulting from unequal expansion, ordin- 
ary boilers have no protection; a fact not prop- 
erly appreciated by engineers or the public. 

In getting up steam many boilers will be very 
hot in some parts, while other parts will be actu- 
ally cold; of course, under these conditions, 
em iniii his strains must occur in some portions of 
the boiler, which are thereby weakened; and 
these strains being repeated ever)' time steam is 
raised, if at no other time, will eventually so far 
destn »y the strength of the line or point of great- 
est strain that rupture must result; generally the 
rupture is small and gradual, but sometimes 
large and productive of disastrous explosions. 
In the boilers examined by the Hartford Boiler 
Insurance Company, up to [888, 24,944 fractures 
in plates were found in, at, or near the seams or 
through the line of rivets, 11,259 of which, or 
nearly one-half, had arrived at a dangerous state 

before disc* ivery. 

Want of (ire ulation of the water in boilers is 
a frequent and prolific cause of unequal expan- 
sion, and deteriorating strains, and little, if any, 
provision is made for circulation in all ordinary 
construction of boilers. Another source of dan- 
ger in all ordinary boilers is low water; and con- 
stant vigilance is required to keep the water at a 
proper height. In many boilers the fall of only 
a few inches in the water-line will cause the 
crown-sheet or some other portion to be exposed 
to the direct action of the fire, whence it becomes 
quickly over-heated, and weakened to such an 
extent that an explosion is likely to occur. 

Another frequent cause of unequal expansions, 
and also of weakening by burning and blistering 
the iron, is the present e of deposit or scale on 
the heating surface. This is liable to o< cur in 
any boiler, but in verj many there is no a< l« quate 

provision for removing it when formed. This is 
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particularly the case with "tubular" and "loco- 
motive " boilers. 

There is good reason for believing that mosl 
of the mysterious explosions of boilers which 
stand the Inspector's test, and then explode at a 
much less pressure, are due to the weakening 
effects of unequal expansions, for a boiler that 
will stand a hundred pounds test this week can- 

>t explode the next week at fifty pounds press- 
ure, unless it has suddenly become wonderfully 
reduced in strength, <i\\<\ no corrosion or other 
natural cause, with which we are acquainted, 
save expansion, can produce this result. When 
weconsider that strains from difference of ex- 
pansion an ! iK-rally greatest when firing up, 
and when there is no pressure in the boiler, we 

11 see that the time may arrive when a crack is 

started or the parts weakened, so as to give way 
under a moderate pressure just after the test has 
been made; and this is the probable reason why 
so many boilers explode in getting up steam, or 
so soon after, or upon pumping in cold water, 
or, even, as in a n i ent case in England, while 
cooling off 

How to Provide Against Explosions. 

Very much thought and experiment have been 
expended on this problem, but though many 
forms of boilers have been produced, which have 

attuned practical safety from explosion, yet in 
nearly all of them there have been ignored cer- 
tain elements necessary at the same time tomal 
them valuable as generators of steam for practi- 
cal work. Hence, the \<r\ name of "safety 
•ller " has unfortunately become, to some per- 
sons, prima facie evidence oi undesirability. 

But safety is not incompatible with any of the 
other essentials of a perfect steam generator, and 
may be secured without detracting from any 
other desirable feature. 

The first element of safety is ample strength 
This can be best attained in connection with thin 
heating surface, by small diameters of parts ; but 
this must not be carried so far as to antagoni, 
the equally important features of large capacity 
and disengaging surface. 

The second and most important element of 
Safety, is such a structure that the original 
strength cannot be destroyed by deteriorating 
strains, from expansion or otherwise. This i .m 
be attained in two ways — by rendering unequal 
expansion imp* iblt . or by providing such elas- 
ticity that, should it occur, it can produce no 
deteriorating strain. 

The third element of safety is such an arrange- 
ment of parts that when, through gross careless- 
ness or design, the water becomes low and the 



boiler overheated, a rupture, if it occur, can pro- 
duce no serious disaster. 

No surface which requires to be "stayed" 
should be permitted in a boiler. It is scarcely 
possible, and altogether improbable, that such 
Stays are, or can be, so adjusted as to bear equal 
strains. The one sustaining the heaviest strain 
gives way, the others follow, as a matter oi 
course, and a disastrous explosion ensues The 

photographic v» w of the boiler which ex- 
ploded at Washington, January 9, 1888, shows 
how stay bolts act, and the disastrous explosion 
at West Chester, Pa., about the same time, was 
clearly due to the giving way of the stays which 

were intended to support the head. 

Water-tubes an Element of Safety. 

~'>n tkt Manufacturer and Builder y Feb.^ 1880.] 

Some recent actual occurrences have a very 
suggestive bearing upon the relative degree of 
immunitx from violent and disastrous explosions 
possessed by the water-tube and fire-tube sys- 
tems of boiler construction respectively. 

The first case is that of an accident resulting 
through gross carelessness to a steam boiler on 
the water-tube system as constructed by Messrs. 
Bab o< k & Wilcox. The circumstances of the 
ease were such as to make the test to which the 
boiler was put a most severe one, and the fact 
that the result was not a disastrous explosion, 
scores several points in favor of the water-tube 
system. 

The boiler here referred to is located in the 
Brooklyn Sugar Refinery, and is rated at 300 
horse-power, being one of a set of 1500 H. P. 
Recently, by one of those oversights that now 
and then cost s< ores of lives under the same cir- 
cumstances, the feed-water was cut off, and not 
noticed until the water level became so low that 




the boiler was nearly empty and the tubes were 
overheated. The result is shown above. One 
of the tubes burst, and this was the extent of the 
damage, which was speedily repaired at a cost of 
$15, and the works were running the next day. 

The s< < >nd case is very analogous, but is even 
more instructive, as the boiler was subjected to 
a severer ordeal than the other. This boiler is 
in the Elizabeth (X. J.) jail, and was one of the 

me kind as that in the foregoing case. It was 
in charge of one of the convicts, who, after start- 
ing the fire as usual in the morning, was sur- 
prised not to observe, after an hour or so of 
waiting, any signs of activity in his steam gauge. 
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This fact was disclosed to some of theoffii ialsof 
the prison, ami an investigate m was instituted to 
ascertain the cause, disclosing a fact that at once 
relieved the boiler from any responsibility for the 
absence of steam — for there was no water in it. 
It also showed that the blow-cock was wide- 
Open, and had been since the night before. 
What followed, we give in Mr. Watson's own 
words : 

11 After the syndicate had opened the furnace 
door and seen the white hot tubes, it \va> thought 
a good idea to get some water in the boiler as 
quickly as possible ; so they shut the blow-cock 
and turned on the city water. The result justi- 
fied their expectations; steam was made very 
quickly ; for a moment it roared through the 
safety valve with a fearsome sound ; and that is 
all that happened, beyond the renewal of a few 
of the tubes, and one steel casting." 

What might have happened had either of these 
boilers been fire-tube instead of water-tube boil- 
ers, we do not pretend to say, but think Mr. 
Watson is not far out of the way in venturing the 
statement that "it is not contrary to precedent 
to say that, in all probability, there would have 
been an opportunity for a coroner's inquest and 
a new jail*" 

Caution Necessary. 

It must not be assumed, however, that the 
mere presence of water tubes in a boiler will 
make it safe. On the contrary they may be com- 
bined with other features exceedingly danger* >us, 
such as Bat surfaces, stayed <>r unstayed, as in 
the f Phleger V! boiler, which exploded in Phila- 
delphia some years ago, and the 'Firminich 1 

l>< aler which exploded in St. L< hi is. ( )ct. 3d. 1 SS; 
A number of porcupine boilers have also been 
put forth as "safe'* because of their water tubes, 
though the large 1 entral shell is made like per- 
fi 1 rated card-board, by the numerous holes, To 
make the matter worse, expanding the tubes 



into these holes seriously strains the metal, mak- 
ing a weak construction weaker still. 

That a boiler can be made so as to be practi- 
cally safe from explosion is a demonstrated fact 
of which no one at all acquainted with modern 
engineering has any doubt. Of this class of boil- 
ers the Babcock & Wilcox is a preeminent ex- 
ample, from the length of time which it has been 
upon the market, the large number which have 
been for years 111 use under all sorts of circum- 
stances and conditions and under all kinds of 
management, without a single instance of disas- 
trous explosion. 

The Babcock & Wilcox water-tube boiler 
has all the elements of safety, in connection with 
its other characteristics of economy, durability, 
accessibility, etc. Being composed of wrought 
iron tubes, and a drum of comparatively small 
diameter, it has a great excess of strength over 
any pressure which it is desirable to use. As the 
rapid circulation of the water insures equal tem- 
perature in all parts, the strains due to un- 
equal expansion cannot occur to deteriorate its 
strength. The construction of the boiler, more- 
over, is such that, should unequal expansion 
occur und<r extraordinary circumstances, no 

objet ii< »nal>le strain can be caused thereby, ample 
elasticity being provided for that purpose in the 
method of construction. 

In this boiler, so powerful is the circulation 
that as long as there is sufficient water to about 
half fill the tubes, a rapid current flows through 
the whole boiler; but if the tubes should 
finally get almost empty, the circulation then 
ceases and the boiler might burn and give out ; 
by that time, how ever, it is so nearly empty as to 
be incapable of harm if ruptured. 

Its successful record of over twenty years 
proves that by the application of correct princi- 
ples, the use of proper care and good material in 
construction, a boiler can be made so as to be 
in fact as well as in name a "safety boiler." 




Return Tubular Boiler at the Edison Electric Light Co.'s Works, West Chester, Pa. 
Exploded December 17, 1837, killing seven and wounding eight Peoole. 
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Babcock 4 Wilcox Boilers at Imperial Continental Gas Association, Vienna. 972 H. P. "W.I. F." Style. Wrought Headers. 
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THE THEORY OF STEAM MAKING. 

^Extracts from a Lecture delivered by Geo, H. Babcock, at 

Cornell University, 1887.*] 

The chemical compound known as H a O exists 
in three stu< s .»r conditions — ice, water, and 
steam; the only difference between these states 
or conditions is in the presence or absence of a 
quantity of energy exhibited partly in the form of 
heat and partly in molecular activity, which, for 
want of a better name, we are accustomed to call 
"latent heat," and to transform it from one state 
to another we have only to supply or extract 
heat. Fi >r instance, if w i t ike a quantity of i< 
say "ne pound, at absolute zerof and supply 
heat, the first effect is t<> raise in temperature 
until it arrives at a point 492 Fahrenheit decrees 
above the starting point Here it stops growing 
wanner, though we keep on adding heat. It, 
however, changes from ice to water, and when 
we have added sufficient heat to have made it, 
had it remained ice, 2S3 hotter, or a tempera- 
ture of 315 by Fahrenheit's thermometer, it has 

all become water, at the same temperature at 
which it commenced to change, namely, 492 
above absolute zero, or 32 by Fahrenheit's 

s«ale. Let us still continue to add heat, and it 
will now grow warmer again, though at a slower 
rate — that is, it now takes about double the 
quantity of heat to raise the pound one degree 
that it did before — until it reaches a temperature 
ol 212 Fahrenheit, or 672 absolute (assuming 

that we are at the level of the sea). Here we 
find another critical point. However much more 
heat we may apply, the water, as water, at that 
pressure, cannot be heated any hotter, but 
• Manxes - m the addition of heat to steam ; and it 
is not until we have added heat enough to have 
raised the temperature of the water 966 , or to 
1,178 by Fahrenheit's thermometer (presuming 
Tor the moment that its specific heat has not 
( hanged since it became water), that it has all 
become steam, which steam, nevertheless, is at 
the temperature of 212 , at which the water began 
to change. Thus over four-fifths of the heat 

which has been added t* * the water bas disap- 
peared or become insensible in the steam to any 
of our instruments. 

It follows that if we could reduce steam at at- 
mospheric pressure to water, without loss of 
heat, the heat stored within it would cause the 
water to be red hot; and if we could further 
change it to a solid, like ice, without loss of 
heat, the solid would be white hot, or hotter than 
melted steel — it being assumed, of course, that 

•See Scientific Aftteru an Supplement, 624, 625, Dec. 1887- 

T460 below the zero of Fahrenheit. This is the nearest 
approximation in wholedegrees t<» the latest determinations 
of the absolute zero of temperature. 



the specific heat of the water and ice remain nor- 
mal, or the same as they respectively are at the 
freezing point 

After steam has been formed, a further addi- 
tion of heat increases the temperature again at a 
much faster ratio to the quantity of head added, 
which ratio also varies according 1 as we maintain 
a constant pressure or a constant volume; and 
I am not aware that any other critical point ex- 
ists where this will cease to be the fact until we 
arrive at that very high temperature, known as 
the point of dissociation, at which it becomes re- 
st >K <-< 1 into » its original gases. 

The heat which has been absorbed by one 
pound of water to convert it into a pound of 
steam at atmospheric pressure is sufficient to 
have melted three pounds of steel or thirteen 
pounds of gold. This has been transformed 
into something besides heat; stored up to reap- 
pear as heat when the process is reversed. That 

condition is what we are pleased tO < all latent 

heat, and in it resides mainly the ability of the 
steam to d« » w . »rk. 
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QUANTITY OF MEAT IN BRITISH THERMAL UMTS. 

The diagram shows graphically the relation of 
heat to temperature, the horizontal Stale being 
quantity i >t heat in British thermal units, and the 
vertical temperature in Fahrenheit degrees,both 
reckoned from absolute zero and by the usual 

ale- The d« >tted lines fur ice and water show 

the temperature u hi< h would have been obtained 
if the conditions had not changed. I he lines 
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marked "gold" and 'steel ' show the relation 
to heat and temperature and the melting points 
of these metals. All the inclined lines would 1» 
slightly curved if attention had been paid to the 
changing specific heat, but the curvature would 
be small. It is worth noting that, with one or 
two exceptions, the curves of all substances li< 
between the vertical and that for water. That is 
to say, that water has a greater capacity for heat 
than all other substances except two, hydrogen 
and bromine. 

In order to generate steam, then, only two 
steps are required : First, procure the heat, and. 
second, transfer it to the water. Now, you have 
it laid down as an axiom that when a body has 
been transferred or transformed from one | dace < >r 
state into another, the same work lias been done 
and the same energy expended, whatever may 
have been the intermediate steps or conditions, 
or whatever the apparatus. Therefore, when a 
given quantity of water at a given temperature 
has been made into steam at a given temperature, 
a certain definite work has been done, and a cer- 
tain amount of energy expended, from whatever 
the heat may have been obtained, or whatever 
boiler may have been employed for the purpose. 

A pound of coal or any other fuel has a defi- 
nite heat-prodiu in- rapacity, and is capable oi 
evaporating a definite quantity ni water under 
given conditions. That is the limit beyond which 
even perfection cannot go, and \ et I have known, 
and doubtless you have heard of, cases where in- 
ventors have claimed, and so-called engineers 
have certified to, much higher results. 

The first step in generating steam is in burning 
the fuel to the best advantage. A pound of car- 
bon will generate 14,500 British thermal units 
during combustion into carbonic dioxide, and 
this will be the same, whatever the temperature 
or the rapidity at which the combustion may take 
place. If possible, we might oxidize it at as slow 
a rate as that with which in m rusts or wood rots 
in the open air, or we might burn it with the ra 
pidity of gunpowder, a ton in a < >nd, yet tin- 
total heat generated would be precisely the same. 
Again, we may keep the temperature down to 
the lowest point at which combustion can tak<- 
place, by bringing large bodies of air in conta< t 
with it, or otherwise, or we may supply it with 
just the right quantity of pure oxygen, and burn 
it at a temperature approaching that of dissocia- 
tion, and still the heat units given off will be 
neither more nor less. It follows, therefore, that 
great latitude in the manner < >r rapidity of com- 
bustion may be taken without affecting the quan- 
tity of heat generated. 

But in practice it is found that other considera- 



te >ns limit this latitude, and thai their are certain 
Conditions necessary in order to get the most 

xilable beat from a pound ol - oal. There are 

three ways, and <>nly three, in which the heat de- 
veloped by the combustion of coal in a steam 
boiler furnace maj be expended. 

First % and principally, it should be conveyed 
to the water in the boiler, and be utilized in the 
production of steam. To be perfect, a boiler 
should SO utilize all the heat of combustion, but 
there are no perfect boilers. 

Second. — A portion of the heat of combustion 
is conveyed up the chimney in the waste gases. 
This is in proportion to the weight of the gases, 
ami the difference between their temperature and 
that of the air and coal before they entered the 
fire. 

Third. — Another portion is dissipated by radi- 
ation from the sides of the furnace. In a stove 
the heat is all used in these latter two ways, 
either it i;oes off through the chimney or is radi- 
ated into the surrounding space. It is one oi 
the principal problems of boiler engineering to 
render the amount of beat thus lost as small as 
possible. 

The loss from radiation is in proportion to the 
amount of surface, its nature, its temperature, and 
the time it is exposed. This loss can be almost 
entirely eliminated by thick walls and a smooth 
white or polished surface, but its amount is ordin- 
arily so small that these extraordinary* precau- 
tions do not pay in practice. 

It is evident that the temperature of the escap- 
ing gases cannot be brought below that of the 
absorbing surfaces, while it may be much greater 
even to that of the fire. This is supposing that 
all of the escaping gases have passed through the 
fire. In case air is allowed to leak into the flues, 
and mingle with the gases after they have left 
the heating surfaces, the temperature may be 

brought down to almost any point above that I »l 
the atnn ksphere,btlt without any reduction in the 
amount of heat wasted. It is in this way that 
thi «e low chimney temperatures are s< tmetimes 
attained which pass for \>vi">\ of economy with 
the unobserving. All surplus air admitted to the 
fire, or to the gases before they leave the heat- 
ing surfaces, increases the losses. 

We are now prepared to see why and how 
the temperature and the rapidit) of* ombustion 
in the boiler furnace affect the© 1 >nomy,and that 

though the amount of heat developed may be the 

same, the heat available for the generation ol 
steam may be much less with one rate or tem- 
perature of combustion than another. 

Assuming that there is no air passing up the 
chimnex 1 »therthanthat which has passed through 
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the fire, the higher the temperature of the fire 
and the lower that of the escaping gases the bet- 
ter the economy, for the losses by the ehimn \ 
gases will bear the same proportion to the heat 
generated by the combustion as the temp r.iture 
of those gases bears to the temperature of the 
the fire. That is to say, if the temperature of the 
fire is 2,500° and that of the chimney gas 3 500° 
above thatof the atmosphere, the loss by the chim- 
ney will be , s s °o°ff = 20 per cent. Th erefi >re, as the 
escaping gas- s cannot be brought below th 
temperature of the absorbing surface, which is 
practically a fixed quantity, the temperature of 
the fire must be high in order to secure good 
economy. 

The losses by radiation being practically pro- 
portioned to the time occupied, the more coal 
burned in a given furnace in a given time, the less 
will be the proportionate loss from thai cause. 

It therefore follous th.it we should burn our 
coal rapidly and at a high temperature, t<> secure 
the best available economy. 



THEORY OF HEAT ENGINES.* 

In any heat engine it is essential that there 
should be, 1st, a working fluid ; 2d, a source ..( 

heat ; and 3d, a receptacle for unexpended heat. 

both of which latter must be external to tb<- 
working fluid. In its operation there must be a 
reception of heat by the working fluid, at a cer- 
tain temperature, a conversion of heat into work, 
and a discharge of unconverted heat at a low 
temperature than that at which it wis ro eived. 
The difference between such higher and lower 
I inperatuivs is called the "range of tempera- 
tures, and the engine is called a "perfect en- 
gine" when the whol ■ heat corresponding to its 
range of temperature is converted into work. 
Sadi Carnot, in 1S24, seems to have been the 
first to enunciate the principle, now universally 
recognized, that the ratio of the maximum me- 
chanical effect in a perfect heat engine to the 
total heat expended upon it, is a function solely 
of the two constant temperatures, at which re- 
spectively heat is received and rejected, ami is 
independent of the nature of the intermediate 
agent or working fluid, though at that day th 

dynamic theory ofheat was not known, and Carnot 

supposed that all th.- heat received in the boiler, 
<T its equivalent, was transferred to the conden- 
ser. Subsequent researches of Joule, Rankine 
and others, have established tin- following prop- 
itious : 

1st. In any heat engine the maximum useful 

effect (expressed in foot pounds or in percent. 1 > 

* From " Substitutes /or SUam" by Geo. H. Babcock, 
read before the American Society of .Mechanical Engineers, 
May, 1886. Tr<xn ■>,., Vol. VII., p. 71 .. 



Dears the same relatioti to the total heat expended 
(expressed in foot pounds or as unity) that the 
range of temperature bears to the absolute tem- 
perature at which heat is received. 

2d. In any heat engine the minimum loss oj 
heat bears the same relation to the total heat ex- 
pended as the temperature at which the heat is 
rejected bears to the temperature at which it is 
receive'!, both 1 >eing reckoned from absolute zero, 

6°f below tlie zero of Fahrenheit's scale. 

These two propositions, expressed in algebraic 

f< 'nnula-, are : 

C/= //'■—-. which, if //--= 1, becomes 



■ 1 



1 o 



the well-known equation £/= — _ 2 ; and, 

7 i 

- 1 /- //" -p- in which also, if // = i, £, = — \ 

' ' 7 i 

I tut as /. U :l, .'. */=i IL W hi ch is 

' 1 
identical with 1 1) differently written. 

At this point we need to divest ourselves of an 
idea which is common, and which naturally 
comes from the terms used, that "latent" heat 
is necessarily wasted heat — or, in other words, 
that if all the heat received was expended in ele- 
vating the temperature, instead of a large share 
ofitgoing into the ••latent" condition, we should 
be able to turn a larger percentage of it into 
power. It has been upon this erroneous supposi- 
tion tli.it most of the searches for substitutes for 
steam have been based. To show its fallacy, 
practically, it is only necessary to consider the 
action of an engine using steam as a gas without 

expenditure of latent heat, and compare it with 
the results attained in engines in which the latent 
heat i^ expended in the boiler and discharged in 
the condenser. We will assume that steam be 
supplied at ioo° temperature — 1 pound pressure, 
or 28 inches vacuum nearly — that it be worked 
through Carnot's cycle between that temperature 
and 320 — the temperature of saturated steam at 
75 pounds gauge pressure. The efficiency of 

780—560 



this cycle would be, 1>> above formula, = 



780 



= .28. The heat expended per pound of steam 
would be 220 X .475 X 772 = 80,674 foot pounds 
of energy, of which the engine would utilize 28 
p -r cent, or 22,588 foot pounds. There would, 

- - . , I.qSo.OOO 

therefore, be required — =87.6 pounds 

22.5SS 

steam per hourly horse-power, and that in a per- 
fect engine ; but, working within the same limits, 
in a very imperfect engine, using water with its 
large latent heat, in actual practice, a horse- 
power is obtained for from 16 to 18 pounds, or 
about one-fifth the quantity of fluid. Latent 

t See note, p. 15. 
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heal must, therefore, be an efficient source of 
energy a s well as sensible heat. That it is just 
as much so when working between the same 
limits of temperature, was demonstrated l>y Ran- 
kine in a series of articles published in the Engin- 
eer in 1857. And, in (act, it may he said there 
would be no available energy if there was no 
latent or specific heat. 

We may, perhaps, understand this point a little 
better by means of an illustration suggested by 
Carnot, which, though has. d upon the theory of 
the materiality of heat, is still just as true under 
the correct theory. In fact, the second law of 
thermo-dynamics is equally applicable to a pon- 
derable body as to heat, 
and may be summed 
up in the well-known 
adage, 4i Water will 
not run up hill." The 
figure represents ase< 
tion of a building in 
which is situated a tank 
of water, or any other 
fluid, which is used to 
drive a water - motor 
upon a floor below, 
after which the fluid 
is discharged, whence 
it may or may not find 
its way to the sea-level 
— the line of absolute 
zero. Now it is evident 
the greatest possible 
effect obtainable in the 
motor-engine is repre- 
sented by the weight 
of fluid, Q, multiplied 
by its fall to 
the point of ? 
discharge. 

The height of the surface of the tank above 
sea-level is r Xl and the height of its discharge 
from same datum-line is r tl while its fall is 
r, — r §> and the greatest efficiency of the motor 
is expressed by £/— ■ Q 1 r, — r 2 ). But the 
total energy of the fluid is represented by Q r u 
and the efficiency of the motor expressed in 
terms of total energy is : 

U = £ ( r i" r ») _ r i — r * _ 

It is evident that the same law holds good what- 
ever be the character of the fluid in the tank. 

Now, the quantity Q % — which may represent 
the latent heat, while the height, r lt represents 
temperature — may be greater or less with the 
same height If Q = 0, then there would be no 
available energy, for there would have been none 




S^J LEVEL OH ABSOLUTE JERO 



pended. It will also be seen that if in the sup- 
posed steam-engine above calculated, be sub- 
stituted for .475, the specific heat of the steam, 
there would be no energy in the engine. 

From the mere inspection of the above form- 
ula-, in view of this illustration, it is readily seen: 

1 st. That the useful effect can only equal the 
total heat expended when the temperature at 
which it is rejected is absolute zero, in which 

ise it matters not at what temperature the heat 
may be received. 

2d. That with a given minimum temperature, 
the higher the maximum temperature the greater 
will be the proportion of total heat converted into 
useful work. 

3. That it is 1 >f greater importance to lower the 
temperature at which heat is rejected than to 
raise that at which it is received. 

There are, however, practical limits to these 
several values : 

ist. The temperature of rejection cannot be 
* arried below that of the substance into which it 
is rejected — in practice it must be several de- 
grees above it — and is independent of the fluid 
employed. As there is, in practice, nothing 
available colder than air or water, r 2 cannot 
easilj be less than ioo° Fahr., 560 absolute. 

2d. The temperature of reception cannot be 
greater than the highest temperature of combus- 
tion, nor greater than the surfaces of the piston 
and cylinder will Maud; nor greater than will 
produce in the given fluid the highest allowable 
pressure. 

3d. The highest pressure is limited by the 
strength of the mechanism and safety of its oper- 
ation, and is also independent of the fluid. As 
all fluids, except mercury and turpentine, attain 
this limit of pressure before the limit of tempera- 
ture, the pressure is the practical limiting condi- 
tion in this direction. 

< )tniously, then, as the limits of lowest avail- 
able temperature and of highest practical pres- 
sure are the same for all vapors, it becomes evi- 
dent that the fluid having the highest tempera- 
ture at the limit of pressure, other things being 
equal, has the advantage, theoretically, in possi- 
ble economy. I »f all available liquids, water 
fulfils this condition best, and therefore it is use- 
less to search for another vapor as a substitute 
for steam, unless it can be shown that the losses 
incidental to the use of the latter are necessarily 
1 nough greater than those incidental to some 
other fluid, to more than counterbalance this ad- 
V antage. That there are such compensating ad- 
vantages is not probable, and they would, indeed, 
need to be very great to offset the cost of fluid, 
water being free of cost in nearly all situations. 
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CIRCULATION OF WATER IN STEAM BOILERS. 

[From a lecture -by George H. Babcock delivered at 

Cornell Lniversity, February, 1890.J 

You have all noticed a kettle of water boiling 
over the fire, the fluid rising .somewhat tumultu- 
ously around the edges of the vessel and tum- 
bling toward the centre, where it descends. 
Similar currents are in action while the water is 
simply being heated, but they are not percepti- 
ble unless there are floating particles in the 
liquid. These currents are caused by the joint 
action of the added temperature and two or 
more qualities which the water possesses. 

1. Water, in common with most other sub- 
stances, expands when heated; a statement, 
however, strictly true only vxhen referred to a 
temperature above 39° F. or 4° C. but as in the 
making" of steam we rarely have to do with tem- 
peratures so low as that, we may. fur our present 
purposes, ignore that exception.' 

2. Water is practically a non-conductor of 
heat, though not entirely so. If ice-cold water 
was kept boiling at the surface the heat would 
not penetrate sufficiently to begin melting ice at 
a depth of three inches in less than about two 
hours. As, therefore, the heated water cannot 
impart its heat to its neighboring particles, it 
remains expanded and rises by its levity, while 
colder portions come to be heated in turn, thus 
setting up currents in the fluid. 

Now, when all the water has been heated to 
the boiling point corresponding to the pressure 
to which it is subjected, each added unit of heat 
converts a portion, about seven grains in weight, 
into vapor, greatly increasing its volume; and 
the mingled steam and water rises more rapidly 
still, producing ebjllition such as we have no- 
ticed in the kettle. So long as the quantitv of 
heat added to the contents of the kettle contin- 
ues practically constant, the conditions remain 

similar to those we 
noticed at first, a 
tumultuous lifting 
of the water around 
the edges, flowing 
toward the centre 
and thence down- 
ward; if, however, 
the fire be quick- 
ened, the upward 
currents interfere 
with the downward 

and the kettle boils 

Fig. 1. over. (Fig. 1.) 





If now we put in the kettle a vessel somewhat 
smaller 1 Fig. 2) with a hole in the bottom and 
supported at a proper distance from the side so 
as to separate the upward from the downward 
currents, we can force the fires to a very much 
greater extent without causing the kettle to boil 
over, and when we place a deflecting plate so as 
to guide the rising column toward the centre, it 
will be almost impossible to produce that effect. 
This is the inven- 
tion of Perkins in 
1 831 and forms the 
basis of very many 
of the arrangements 
for producing free 
circulation of the 
water in boilers 
w h i c h have been 
made since tha t 
time. It consists in 
dividing the cur- 
rents so that they 

will not interfere . 

each with the other. Fj &- 2 - 

But what is the object of facilitating the cir- 
culation of water in boilers ? Why may we not 
safely leave this to the unassisted action of 
nature as we do in culinary operations? We 
may, if we do not care for the three most 
important aims in steam-boiler construction, 
namely, efficiency, durability and safety, each of 
which is more or less dependent upon a proper 
circulation of the water. As for efficiency, we 
have seen one proof in our kettle. When we 
provided means to preserve the circulation, we 
found that we could carry a hotter fire and boil 
away the water much more rapidly than before. 
It is the same in a steam boiler. And we 
also noticed that when there was nothing but 
the unassisted circulation, the rising steam car- 
ried away so much water in the form of foam 
that the kettle boiled over, but when the cur- 
rents were separated and an unimpeded circuit 
was established, this ceased, and a much larger 
supply of steam was delivered in a compara- 
tively dry state. Thus, circulation increases the 
efficiency in two ways: it adds to the ability tc 
take up the heat and decreases the liability to 
waste that heat by what is technically known as 
priming. There is yet another way in which, 
incidentally, circulation increases efficiency of 
surface and that is by preventing in a greater or 
less degree the formation of deposits thereon. 
Most waters contain some impurity which, 
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when the water is evaporated, remains to in- 
crust the surface of the vessel. This incrusta- 
tion becomes very serious sometimes, so much 
so as to almost entirely prevent the transmission 
of heat from the metal to the water. It is said 
that an incrustation of only *$ inch will cause a 
loss of 25 per cent, in efficient nd that is prob- 
ably within the truth in many cases. Circulation 
of water will not prevent incrustation altogether, 
but it lessens the amount in all waters, and 
almost entirely so in some, thus adding greatly 
to the efficiency of the surface. 

A second advantage to be obtained through 
circulation is durability of the boiler. This it 
secures mainly by keeping all parts at a nearly 
uniform temperature. The way to secure the 
greatest freedom from unequal strains in a boiler 
is to provide for such a circulation of the water 
as will insure the same temperature in all parts. 
3. Safety follows in the wake of durability, 
because a boiler. which is not subject to unequal 
strains of expansion and contraction is not only 
less liable to ordinary repairs, but also to rupture 
and disastrous explosion. By far the most pro- 
lific cause of explosions is this same strain from 
unequal expansions. 

Having thus briefly looked at the advantages 
of circulation of water in steam boilers, let us 
see what are the best means of securing it under 
the most efficient conditions. We have seen in 
our kettle that one essential point was that the 
currents should be kept from interfering with 

each other. If we could look into 
an ordinary return tubular boiler 
when steaming we should see a 
curious commotion of currents 
rushing hither and thither, and 
shifting continually as one or the 
other contending force gained 
a momentary mastery. The 
principal upward currents would 
be found at the two ends, one 
over the fire and the other over 
the first foot or so of the tubes. 
Between these, the downward 
currents struggle against the 
rising currents of steam and water. At a sud- 
den demand for steam, or on the lifting of the 
safety valve, the pressure being slightly reduced, 
the water jumps up in jets at every portion of the 
surface, being lifted by the sudden generation of 
steam throughout the body of water. You have 
seen the effect of this sudden generation of steam 
in the well-known experiment with a Florence 
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flask, to which a cold application is madevUul.- 
boiling water under pressure is within. You 
have also witnessed the geyser-like action when 
water is boiled in a test tube held vertically over 
a lamp (Fig. 31. 

If now we take a U 
tube depending from a 
vessel of water (Fig. 41 
and apply the lamp to 
nne leg a circulation is 
at once set up within 
it. and no such spas- 
modic action can be 
produced. This U tube 
is the representative of 
the true method of cir- 
culation within a wa- 
ter-tube boiler properly 
1 onstructed. We can. 
for the purpose of se- 
curing more heating 
surface, extend the 
heated leg into a lon-^ 
incline <Fig. 5), when 
we have the well- 
known inclined - tube 
generator. Now, by 
adding other tubes, we 
may further increase the heating surface (Fig. 6), 
while it will still be the U tube in effect and ac- 




Fig. 4 





Fig. 6. 

tion. In such a construction the circulation is 
a function of the difference in density of the two 
columns. Its velocity is measured by the well- 
known Torricellian formula. V = y igh % or, ap- 
proximately, V = 8 \l\ h being measured in 
terms of the lighter fluid. This velocity will 
increase until the rising column becomes all 
steam, but the quantity or weight circulated will 

attainamaximijrnwhenthedensityafthemingled 
steam and water in the rising column ; >mes 
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one-half that of the solid water in the descend- 
tng column, which is nearly coincident with the 
condition of half steam and half water, the weight 
of the steam being very slight compared to that 
of the wdtcr. 

It becomes easy by this rule to determine the 
circulation in any given boiler built on this prin- 
ciple, provided the construction is such as to 
permit a free How of the water. Of course, 
every bend detracts a little and something is 
lost in getting up the velocity, but when the 
boiler is well arranged and proportioned these 
retardations are slight. 

Let us take for example one of the 240-horse 
power Uabcock & Wilcox boilers here in the 
•University. The height of the columns may be 
taken as four and one-half feet, measuring from 
the surface of the water to about the centre of 
the bundle of tubes over the fire, and the head 
would be equal to this height at the maximum 
of circulation. We should, therefore, have a 
velocity of 8 s ; V/z = 16.97, say 1 7 feet per sec- 
ond. There are in this boiler fourteen sections, 
each having a 4" tube opening into the drum, 
the area of which (inside) is 11 square inches, 
the 14 aggregating 154 square inches, or 1.07 
square feet. This multiplied by the velocity, 
[6.97 feet, gives 18.16 cubic feet mingled steam 
and water discharged per second, one-half of 
which, or 9.08 cubic feet, is steam. Assuming 
this steam to be at 100 pounds gauge pressure, 
it will weigh 0.258 pound per cubic foot. 
Hence, 2.34 pounds of steam will be discharged 
per second, and 8.433 pounds per hour. Divid- 
ing this by 30. the number of pounds represent- 
ing a boiler horse power, we get 281.1 horse 
power, about 17 per cent, in excess of the rated 
power of the boiler. The water at the temper- 
ature of steam at 100 pounds pressure weighs 
56 pounds per cubic foot, and the steam 0.258 
pound, so that the steam forms but ? { y part of 
the mixture by weight, and consequently each 
particle of water will make 218 circuits before 
being evaporated when working at this capacity, 
and circulating the maximum weight of water 
through the tubes. 

It is evident that at the highest possible Veloc- 
ity of exit from the generating tubes, nothing 
but steam will be delivered and there will be no 
circulation of water except to supply the place of 
that evaporated. Let us see at what rate of 
steaming this would occur with the boiler under 
consideration. We shall have a column of 
steam, say four feet high on one side and an 



equal column of water on the other. Assum- 
ing, as before, the steam at 100 pounds and the 
water at same temperature, we will have a head 
of 866 feet of steam and an issuing velocity of 
235.5 feet per second. This multiplied by 1.07 
square feet of opening and 3.60c seconds in an 
hour gives 234.043 pounds of steam, which, 
though only one-eighth the weight of mingled 
steam and water delivered at the maximum, 
gives us 7,801 horse power, or over j 2 times the 
rated power of the boiler. Of course, this is far 
beyond any possibility of attainment, so that it 
may be set down as certain that this boiler can- 
not be forced to a point where there will not be 
an efficient circulation of the water. By the 
same method of calculation it may be shown 
that when forced to double its rated power, a 
point rarely expected to be reached in practice, 
about two-thirds the volume of mixture of 
steam and water delivered into the drum will be 
steam, and that the water will make 110 circuits 
while being evaporated. Also that when 
worked at only about one-quarter its rated ca- 
pacity, one-fifth of the volume will be steam and 
the water will make the rounds 870 times be- 
fore it becomes steam. You will thus see that 
in the proportions adopted in this boiler there is 
provision for perfect circulation under all the 
possible conditions of practice. 

In designing boil- 
ers of this style it is 
necessary to guard 
against having the 
uptake at the upper 
end of the tubes too 
large, for if suffi- 
ciently large to al- 
low downward cur- 
rents therein, the 

whole effect of the 
rising column in in- 
creasing the circu- 
lation in the tubes is nullified (Fig. 7). This 
will readily be seen if we consider the uptake 
very large— when the only head producing cir- 
1 illation in the tubes will be that due to the in- 
clination of each tube taken by itself. This 
objection is only overcome when the uptake is 
so small as to be entirely filled with the ascend- 
ing current of mingled steam and water. It is 
also necessary that this uptake should be practi- 
cally direct, and it should not be composed of 
frequent enlargements and contractions. Take, 
for instance, a boiler well known in Europe, 




Fig- 7. 
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copied and sold here under another name. It is 
made up of inclined tubes secured by pairs into 
boxes at the ends, which boxes arc made to 
communicate with each other by return bends 

opposite the ends of the tubes, These boxes 
and return bends form an irregular uptake, 
whereby the steam is expected to rise to a 
reservoir above. You will notice (Fig. Si that 





F 'g. [Developed to show Circulation.] 

the upward current of steam and water in the 
return bend meets and directly antagonizes the 
upward current in the adjoining tube. Only one 
result can follow. If their velocities are equal, the 
momentum of both will be neutralized and all 
circulation stopped. - >r if one he stronger, it will 
cause a back Mow in the other by the amount of 
difference in force, with practically the same result. 
In a well-known boiler, many of which were 
sold, but of which none are now made and 
very few are still in use. the inventor claimed 
that the return bends and small openings against 
the tubes were for the purpose of "restricting 
the circulation."' and no doubt they performed 
well that office ; but excepting for the smallness 
of the openings they were not as efficient for 
that purp. ise as the arrange nu-nt shown in Fig. 8. 

Another form of 
boiler, first invented by 
Clarke or Crawford, 
and lately revived, has 

the uptake made of 

boxes into which a 
number. generally from 
two to four, tubes are 
panded, the boxes 
being connected to- 
gether by nipples (Fig. 
9). It is a well-known 
fact that where a fluid 
flows through a con- 




Fig. 9. 



duit which enlarges and then contracts, the ve- 
locity is lost to a greater or less extent at the 
enlargements, and has to be gotten up again at 
the contractions each time, with a corresponding 
loss ol head. The sanu thing oa urs in the con- 
struction shown in Fig. 9. The enlargements 
and contractions quite destroy the head and 
practically overcome the tendency of the water 
to circulate. 

A horizontal tube stopped at one end, as shown 
in Fig. 10. can have no proper circulation within 
it. If moderately driven, the water may struggle 
in against the issuing steam sufficiently to keep 
the surfaces covered, but a slight degree of forc- 
ing will cause it to act like the test tube in Fig. 3. 
and the more there are of them in a given boiler 
the more spasmodic will be its working. 

The experiment with our kettle (Fig. 2) gives 
the clew to the best means of promoting circula- 
tion in ordinary shell boilers. Steenstrup or 
" Martin " and " Galloway " water tubes placed 
in such boilers also assist in directing the circu- 
lation therein, but it is almost impossible to 
produce in shell boilers, by any means, the circu- 
lation of all the water in one continuous round, 
such as marks the well-constructed water-tube 
boiler. 




Fig. 10. 

As I have before remarked, provision for a 
proper circulation of water has been almost uni- 
versally ignored in designing steam boilers, 
sometimes to the great damage of the owner, but 
oftener to the jeopard)- of the lives of those who 
are employed to run them. The noted case of the 
Montana anil her sister ship, where some $300,- 
000 was thrown away in trying an experiment 
which a proper consideration of this subject 
would have avoided, is a case in point ; but who 
shall count the cost of life and treasure not, per- 
haps, directly traceable to, but. nevertheless, due 
entirely to such neglect in design and construc- 
tion of the thousands of boilers in which this 
necessary element has been ignored? 
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BRIEF HISTORY OF WATER-TUBE BOILERS* 

Water-tube boilers are not new. From the 
earliest days of the steam engine, there have 
been those who recognized 
their advantages. The first 
water-tube boiler recorded 
was made by a contempo- 
rary of Watt, William Blakey, __ 
in 1766. He arranged sev- f 1 ' ^ n ™ — °- ^Bj 
era! tubes in a furnace, 
alternately inclined at oppo- 
site angles, and connected at 
their contiguous ends by 
smaller pipes. But the fir^t 
successful user of such boil- 
ers was James Rumsay, an 
American inventor, celebra- 
ted for his early experiments 
in steam navigation, and who 
may be truly classed as the 
originator of the water-tube 
boiler, as now known. In 
17S8 he patented, in England, p=^ 
several forms of boilers, V 
among them, one having a fire-box with flat 
water-sides and top, across which were hor- 
izontal water-tubes connecting 
with the water spaces. Another 
was a coiled tube within a cylin- 
drical fire-box, connecting at its 
two ends with the annular sur- 
rounding water space. This was 



About the same time, Wolf, the inventor of 
compound engines, made a boiler of large hori- 
zontal tubes, laid across the furnace and con- 
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Stevens, 1805. 

the first of the "coil boilers." 
Another form in the same patent 
was the vertical tubular boiler, as 
at present made. 

The first boiler made of a combi- 
nation of small tubes, connei ted at 
one end to a reservoir, was the in- 
vention of another American, John 
Cox Stevens, in 1805. 

This boiler was actually empli >yed 
to drive a steamboat on the Hudson 
Riwr, but like all the "porcupine" 
boilers of which it was the first, it 
did not have the elements uf a con- 
tinued success. 
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Joseph Eve, 1825. 
nected at the ends to a longitudinal drum above. 
The first purely sectional water-tube boiler was 
made by Julius Griffith, in 1821, who used a num- 
ber of horizontal water-tubes connected to ver- 
tical side pipes, which were in turn connected to 
horizontal gathering pipes, and these to a steam 
drum. The first sectional water-tube boiler, 
with a well-defined circulation, was 
made by Joseph Eve, in 1825. His 
sections were composed of small 
tubes slightly double curved but 
practically vertical, fixed in horizon- 
tal headers, which were in turn con- 
nected to a steam space above and 
water space below formed of larger pipes, and 
connected by outside pipes so as to secure a cir- 
culation of the water up through the sections and 



•See dia m by Geo II Bab \-- . of 

Sterling's p.ti>< r o.i " Water-lube and 
shell Boilei 1 Trans A in Society of 
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down the external pipes. The same year John 
M'Curdy, of New York, made a "Duplex Steam 
Generator," of "tubes of wrought or cast-iron 
or other material" arranged in several horizon- 
tal rows, connected together alternately front and 
rear by return bends. In 1S26, Goldsworthy 
Gurney made a number of boilers which he used 
on his steam carriages, consist- 
ing of a series of small tubes 
bent into the shape of a U laid 
edgewise, which connected top 
and bottom with large horizon- 
tal pipes. These latter were 
united by vertical pipes to per- 
mit of circulation, and also 
connected to a ver- 
tical cylinder form- 
ing the steam and 
water reservoirs. In 
1828, Paul Steen- 
strup made the first 
shell boiler with ver- 
tical water-tubes in 
the large flues, sim- 
ilar to what is known 

as the ' 'Martin, ' » and suggesting the ' 'Galloway. ' ' 
The first water-tube boiler having fire-tubes 
within water-tubes was made in 1830, by Sum- 
mers & Ogle. Horizontal connections at top 
and bottom, had a series of vertical water-tubes 
connecting them, through which were fire tubes 
extending through the horizontal connection 
with nuts upon them to bind the parts together 
and make the joints, suggesting some recent 
patents. 

The first person to use inclined water-tubes 
connecting water spaces front and rear with a 



Time would fail to tell of Clark, and Perkins, 
and Moore (English), and McDowell, and Alban! 
and Craddock, and the host of others who have 
tried to make water-tube boilers, and have not 
made practical successes, because of the difficul- 
ties of the problem. 

Why are not water-tube boilers in more gen- 
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Twibill, 1865. 
eral use, compared with shell boilers ? is asked. 
Because they require a high class of engineering 
to make them successful. The plain cylinder is 
an easy thing to make. It requires little skill to 
rivet sheets into a cylinder, build a fire under it 
and call it a boiler ; and because it is easy and 
any one can make such a boiler — because it re- 
quires no special engineering — they have been 
made, and are still made, to a very large extent. 
The water-tube boiler, on the other hand, re- 
quires much more skill in order to make it suc- 
cessful. This is proven by the great number of 
failures in attempts to make water-tube 
boilers, some of which are referred to in 
the paper under discussion. 



The Babcock & Wilcox Watek- 
tibe Boiler has grown out of that of 
Stephen Wilcox, of 1856, so that it may 
be said to date back to that year, though 
the first joint patent was eleven years 
later. Dr. Alban had stated the axiom 
that "all boilers should be so construe ted 



r-j.i, -r 7; g »»«" -i" '-"-Micissjiuuiu ue so constructed 

^^^^^^^^^^^fe^^^ that their explosion should not be dan- 



W.lcox, 1836. 

steam space above, was Stephen Wilcox in 1856, 

and the first to make such inclined tubes into a 

ctional form was one Twibill in 1865. He 

used wrought-iron tubes connected front and 

rear by intermediate connections with stand 
pipes, which carried the steam to a horizontal 
1 ross-drum at the top, the entrained water being 

carried bat k to the rear. 



gerous," and Harrison had put such boil- 
ers into use, made of cast-iron globes, but the 
Babco< k & Wilcox boiler of 1867 was the first to 
1 ombine the sectional construction with a free cir- 
1 ulation of the water in one continuous round. 
This construction, known all over the world as 
the Babco k \ Wilcox type, is now almost uni- 
versally acknowledged to be the best possible 
for safety, economy, ;md durability. 
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EVOLUTION OF THE BABCOCK A WILCOX 
WATER. TUBE BOILER. 



We learn quite as much from the record of 
failures as through the results of success. When 
a thing has been once fairly tried and found t. . 
be impracticable, or imperfect, the knowlege of 
that trial forms a beacon light to warn those who 
come after not to run upon the same rock. Still 
it is an almost every day occurrence that a de- 
vice or construction which has been tried and 
found wanting if not worthless, is again brought 
up as a great improvement upon other things 
which have proven by their survival to have been 
the " fittest." This is particularly the case when 
a person or firm, have, bv long and expensive 
experience, succeeded in supplying a felt want, 
and developed a business which promises to pay 
them in the end for their trouble and outlay ; 
immediately a class of persons, who desire to 
reap where they have not sown, rush into the 
market with some- 
thing similar, and, 
generally, with some 
idea which the suc- 
cessful party had tried 
and discarded, claim- 
ing it as an "improve- 
ment, ' ' seek to entice 
customers, who in the 
end find they have 
spent their money for 
that which satisfieth 
not. And not infre- 
quently steam users, 
having been inadver- 
tently induced to experiment on the ill-diges- 
ted plans of some unfledged inventor, unjustly 
condemn the whole class, and resolve hence- 
forth to stick to the things their fathers approve 1. 
The success of the Babcock & Wilcox boiler 
is due to twenty-three years constant adherence 
to one line of research, experimenting and practi- 
cal working. In that time they have tried many 
plans which have not proven to be practicable, 
and were in fact in whole or in part, failures. 
During these twenty-three years they have seen 
more than thirty water-tube, or sectional boilers 
put upon the market, by other parties, some of 
which attained to some distinction and sale, but 
all of which have completely disappeared, leaving 
scarce a trace behind, save in the memories of 
their victims. The following list — not com- 
plete — will serve to bring the names of some to 
memories which can recall t u enty years or less: 
Dimpfel, Howard, ('.riifitli >\; Wundrum, 1 >ins- 
more, .Miller "Fire-box," .Miller "American," 



Miller "Internal Tube," Miller "Inclined Tube," 
Phleger, Weigand, the Lady Verner, the Allen, 
the Kelly, the Anderson, the Rogers & Black, 
the Eclipse or Kilgore ; the Moore, the Baker 
& Smith, the Renshaw, the Shackleton, the 
"Duplex/ 1 the Pond & Bradford, the Whitting- 
ham. the Bee, the Hazleton or "Common 
Sense." the Reynolds, the Suplee or Luder, the 
Babbitt, the Reed, the Smith, the Standard, &c. 
It is with the object of protecting our custom- 
ers and friends from disappointment and loss 
through purchasing such discarded ideas, that 
we publish the following illustrations of experi- 
ments made by us in the development of our 
present boiler, the value and success of which is 
evidenced by the fact that the largest and most 
discriminate buyers continue to purchase them 
after years of practical experience with their 
workings. All the constructions herein shown, 
and very many others, are covered by patents 

belonging to the 
Babcock & Wilcox 
Company. 




No. i.— The origi- 
nal Babcock & Wilcox 
boiler, patented in 
1S67. The main idea 
was safety ; to it all 
other elements were 
sacrificed wherever 
they conflicted. The 
boiler consisted of a 
nest of horizontal 
tubes serving as steam and water reservoir, 
placed above and connected at each end by 
bolted joints, to a nest of inclined heating 
tubes filled with water. Internal tubes were 
placed in these latter to assist circulation. The 
tubes were placed in vertical rows above each 
other, each vertical row and its connecting end 
forming a single casting. Hand holes were 
placed at the end of each tube for cleaning. 

No. 2.— The internal circulation tubes were 
found to hinder, rather than help, circulation 
and were left out. 

Nos. 1 and 2 were found to be faulty in both 
material and design, cast metal proving itself 
unfit for heating surfaces placed directly over 
the fire, cracking as soon as they became coated 
with scale. 

No. ;, — Wrought-iron tubes were substituted 
for the 1 as t -iron heating tubes, the ends being 
brightened and laid in the mould, the headers 

I .1st « .11. 
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The steam and water capw ity was in- 
sufficient to secure regularity of action, 
having no reserve to draw upon when 
irregularly fed or fired. The attempt to 
dry the wet steam, produced by super- 
heating in the nest of tubes which 
formed the steam space, was found to be 
impracticable ; the steam delivered was 
either wet, dry or superheated, accord- 
ing to the demands upon the boiler. 
Sediment was found to lodge in the 
lowest point of the boiler at the rear 
end, and the exposed portion of the castings 
cracked off when subjected to the furnace heat. 

No. 4. — A plain cylinder carrying the water 
line at the center, leaving the upper half for 
steam space, was substituted for the nest of 
tubes. The sections were made as in No. 3, 






and a mud-drum added to the rear end of the 
sections at the lowest point farthest removed 
from the fire; the gases passed off to the stack 
at one side without coming in contact with it. 
Dry steam was secured by the great increase 
of separating surface and steam space, and the 
added water capacity furnished a storage for 
heat to tide over the irregularities of feeding 
and firing. By the addition of the 
drum it lost a little in safety, but, on 
the other hand, it became a serviceable 
and practical design, retaining all the 
elements of safety except small diame- 
ter of steam reservoir, which was never 
large, and was removed from the direct 
action of the fire, but difficulties were 
encountered in securing reliable joints 
between the wrought-iron tubes and 
the cast-iron headers. 

No. 5. — Wrought-iron water legs were 
substituted for the cast-iron headers; the tubes 
were expanded into the inside sheets, and a large 
cover placed opposite the front end of the tub 
for cleaning. The staggered position of tubes, 
one above the other, was introduced and found 
to be more efficient and economical than where 
the tubes were placed in vertical rows. In other 
respects it was similar to No. 4, but it had further 



lost the important element of safety, the sec- 
tional construction, and a very* objectionable 
feature, that of flat stayed surfaces, had been 
introduced. The large doors for access to the 
tubes were also a cause of weakness. A large 
plant of these boilers was placed in the Calvert 
Sugar Refinery, Baltimore, and did good 
work, but they were never duplicated. 
No. 6. — A modification of No. 5, in 
which longer tubes were used with three 
passages of the gases across them, to 
obtain better economy. Also some of 
the stayed surfaces were omitted and 
hand holes were substituted for the 
large doors. A number of this type 
were built, but their excessive first cost, 
lack of adjustability of the structure 
under varying temperatures, and the 
inconvenience of transporting the last two styles 
together with the difficulty of erecting large plants 
without enormous cost for brick-work, as well 

as the "cominerical engineering" of several 

competing firms then in the market, who made a 
selling point of their ability to add power to any 
given boiler after it had once been erected, led to : 





No. 6. 



No. 7. — In this separate T heads were screwed 
on to the end of each inclined tube ; their faces 
milled off, the tubes placed on top of each other, 
metal to metal, and bolted together by long bolts 
passed through each vertical section of tube 
heads, and the connecting boxes on the heads of 
the drum. A large number of these boilers 
were put into use, some of which are still at 
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work after sixteen to twenty years, but most of 
them have been altered to the later type. 

Nos. S and 9 are what were known as the 
Griffith & Wundrum boilers, afterwards merged 




improvement in action over No. 9. The four 
passages of the gases did not add to the economy 
in either Nos. 8, 9 or 10. 

i4_i No. 1 1.— A trial of a box 
coil system in which the 
water was made to trav- 
erse several times through 




into the Babcock & Wilcox. In these, ex- 
periments were made on four passages of 
the gases across the tubes, and the down- 
ward circulation of the water at the rear end 
of the boiler was carried to the bottom 
row of tubes. In No. 9, an attempt 
was made to reduce the amount of 
steam and water capacity, increase the 
safety and reduce the cost. A drum 
at right angle to the line of tubes was 
tried, but found to be insufficient to 
secure dry steam or regularity of action. 
The changes were not found to p >ssess 
any advantages. 

No. 10. — A move in the same direc- 
tion. A nest of small horizontal drums, 15 in. in 
diameter were used instead of the single drums 
of larger diameter; and a set of circulation tubes 
were placed at an intermediate angle, between 
the main bank of heating tubes and the horizontal 




the furnace before being delivered into the drum 
above. The tendency was as in all similar 
boilers, to form steam in the middle of the coil 
and blow the water out from each end, leaving 




the tubes practically dry until the steam found an 
outlet and the water returned. This boiler not 
only had a defective circulation but a decidedly 
geyser-like action, and produced wet steam. 
All the above types, with the exception < if 





tubes which formed the steam reservoir, to return 
the water carried up by the circulation to the 
rear end of the heating tubes, allowing the steam 
only to be delivered into the small drums above. 
The result was exceedingly wet steam, with no 



No. IT. 



Nos. 5 and 6, had a large number of bolted 
joints between their several parts and many of 
them leaked seriously, from unequal expansion, 
as soon as the heating surfaces became scaled ; 
enough boilers having been placed at work 
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to demonstrate their unreliabilitj in this 
particular. 

No. 12.— An attempt to avo id this diffi- 
culty and increase the heating surface in 
a given space. The tubes were expanded 
into both sides of wrought-iron boxes, 
openings being made in them for the 
admission of water and the exit of Steam. 
Fire-tubes were placed inside these tul 








NO. 12. 

to increase the surface. These were aban- 
doned because they quickly stopped up with 
scale, and could not be cleaned 

No. 13. — Water boxes formed of cast-iron 
of the full width and height of the bank of 
tubes were made of a single casting, which 
were bolted to the steam water-drum above. 

No. 14. — Awrought-ironbox was substituted 
for the cast-iron. In this, stays were necessary 



and were found, as is always the 
case, to be an element to be avoided 
wherever possible. It was, how- 
er, an improvement on No. 6. 
A slanting bridge wall underneath 
the drum was introduced to throw 
a larger portion of its surface into 
the first combustion chamber above 
the bank oftutx This was found 

to be of no special benefit, and 
difficult to keep in good order. 

No. 15. — Each vertical row ol 
tubes was expanded at each end 
into a continuous header, cast of 
car wheel metal ; the headers 
having a sinuous form so that 





No. 13. 



they would lie close together and admit of a 

staggered position of the tubes in the furnace. 

This form of header has been found to be the 

best for all purposes, and has not since been 

materially changed. The drum was supported 

by girders resting on the brick-work. Bolted 

joints were discarded, with the exception of those 

connecting the headers to the front and rear 

end of the drum and the bottom of the rear 

header to the mud-drum. But even these 

bolted joints were found objectionable and 

were superseded in subsequent constructions 

by pieces of tube expanded into bored holes. 
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In No. 16 the headers were made in the form 




Nos. 18 and 19 were designed for fire protec- 
tion purposes, the chief requirements being 



No. 16. 



of triangular boxes, having three 
tubes in each. These were alternately reversed 
and connected together by short pieces <>f tube 
expanded in place, and to the drum by tubes 
oeiit so as to come normal to the shell. The 
loints between the headers introduced an ele- 
ment of weakness, and connections to the drum 
vvere insufficient to give the adequate circulation. 
No. 17 — Straight horizontal headers 




.__ r a 

1 1 - - f* 

ability to raise steam quickly and hold the pres- 
sure; economy of fuel and dryness of steam 
being of secondary consideration. They both 
served their sped al purpose admirably, but were 
not found to be either economical or desirable 
where steady power is required. 




were tried, alternately shifted right and left, to 
give a staggered position to the tubes. These 
headers were connected to each other and to the 
drum by expanded nipples. This proved to 
be too rigid in construction, and -^ 
was defective in circulation. 




These experiments, as they may be call 
although many boilers were built of some of 
styles illustrated, clearly demonstrated that 
1 >est construction and efficiency 
required adherence to the following 
dements : 



ed, 
the 
the 
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.st. Sinuous headers for each vertical row of mutally deteriorating strains where one was 
tubes. 2d. Aseparate and independent con- supported by the other, were avoided 
nection with the drum, both front and rear, for Hundreds of thousands of horse-power ot this 

style have been built in the last twelve 
years, giving excellent satisfaction. In 
fa< t, most of the boilers referred to in this 
book are of this style. It is still standard, 
.iimI is known as our "C I. I i ast-iron 
front) style .1 fan< 5 cast-iron front being 
generally used therewith, as shown in the 
perspective view. Recent investigations 
have shown that the av< r i< si of up- 
keep ol the boiler proper is less tkanfi\ - 
hoi ie-pot ■ ' pi 1 annum. 
No 21 is .1 construction morepopu- 
lar in Eur< ipe, p< rhaps, where iu<>st <>f 
"in" I'm arc made in this Style. It is 
known as our "W. 1. F." style, the front 




N''i 20. 

each such vertical row of tubes, 3d. All joints 
between the parts of the boiler proper t«. be 
made without bolts or s« rew s-threads. 4th. No 
surfaces to be used which require to 
bestayed. 5th. The boiler supported 
independently of the bri< k-work, so 
as t> 1 be free to «. xpand and < on- 
tract as it was heated and 1 ooled. 
6th. TIi.- drums not less than 30 in- 
ches in diameter, except for small 
boilers. 7th I ry part accessible 
'• >i cleaning and repair. 

Having settled upon these 1 its: 

No. 20 was d" signed having all the 1 

itures, together with other improve- 

nts in the details of contraction. ^ 
The general form of construction of -^r-A 
Mo. 15 was adhered to, but short N " s ' 2I and -'• 
pieces of boiler tube wen used as connections 

en the se< tions and drum, and mud-drun 
tlu-ir ..-nd- being aided into adjacent parts 



usually supplied with it being largely made o! 
wrought-iron. In this boiler, flanged and 
" bumped" drum-heads of wrought-steel are 





N ... 






with .1 Dudgeon* xpander. This boiler was also 
si; entirely independent 1 if the br'u k- 

work by m< ol columns and girders, and thi 



used ; the drum is longer, and thv. sections are 
nnected to cross-boxes rivi I d to its bottom. 

Where bight is to be saved, the steam is taken 
out through an internal "dry pipe." In 
this stj le also the drum is suspended 
from columns and girders, though not 
shown in the figure. 

N< ■ 22, the last step in the devl. .p- 

ment of the water-tube boiler, beyond 
which it ms almost impossible U'\' 
s. 1 1,. . .m<\ skill to go, consists in mak- 
ing ail parts of the boiler of a 1 ht- 
steel y in. luding the sinuous headers, 
the cross- 5, and the nozzles on the 

__ drum. This was demanded to answer 

the laws of some of the Continental 
Nations, and the Babcock & Wilcox 
Co., have, at the present time, a plant 
turning out forging? 1 regular business, which 
have been pronounced bythi London I ngineer 
to be 'api 1 1. - t triumph 1 »f the (< »r art. 
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DESCRIPTION OF THE 



^abcock &]/|[iicox l^er^be 




oiler. 



CONSTRUCTION. 

rHisboileris composed of lap-welded wrought 
ir< 'ii tubes, pla< ed in an in. lined position and 

connected with each other.and with a horizontal 

steam and water drum, by verti- 
• al passages at ea« h end, whil< 
mud-drum is connet ted to the rear 
and l< >wi -t point in the b< tiler. 

Th( i nd i onne< tions are 
in one piei e (1 >r ea< h \ i irti- 
i il row of iiil.es, and are 
of su« h form iii.it /, $- 




oids .ui\ straining of the boil, r from un- 
i qual i xpansion betwe< n it and its en< losing 
walls, and permits the brick-work to be re- 

l tain '1 or 1 • mov< d, if n< ■< es- 
sary, w ithout in any waj dis- 
turbing the boiler. All the 
fixtun - are extra hea> \ 

- 

and "i" neat d< signs 




C 1 



the tubes are M stag- 1 

ered " or so plai ed 
thai ea< h r< >w comes 

OVer tli- s| M , , s in / gd 

tli<- previi mis row ). v -•-* 
rhe holes an a< i tir.itrh £ 

d, rii.nl tapering, and %«p n ^. 
the tubes fixed thereinbyan ^^ 

cpander The se< tions thus formi d 
tre connei ted with the drum, and with 
the mud-drum also by short tubes i s 
panded into bored holes, doing away 
w itli all 1" .Its, and \ea\ ing a clear i ias- 
wa) between thi ral parts. 

I*h< openings for cleaning oppositethe 
end of ea» h tube are i losed by hand- 
hole plati s, the joints of which . 
made in the most thon >ugh manner,by 
milling the surfa< • >ai curate metal- 
lii i ontai t. and are held in pla< e by 

ought iron forged • lamps and boll 
They are tested and made tight under 
a hydrostatic pressure of 300 pounds 
per square inch, iron to iron, and without rubber- 
packing, or other p n hable snbstana 

Thesteamand water drums an madeol flange 

ironorsteel, of< Ktra thii kness, and double riv- 

d. The) can be made for any desired working 

pressure, but are always tested .it 250 pounds 

r square inch unless otherwise orden d. The 

mud-drums are oi 1 ast iron, as the besl material 

withstand corrosion, and are provided with 

ampl< means fi ir 1 leaning 






V I V. 

II' A -I 1 






PARTIAI VBRTI \! i N 



ERECTION. 

In erecting this boiler, il is suspended entirely 
independent of the brick-work, from wroughi 
iron girders resting on iron -.In. mis. Thi 



OPERA TION. 

The fire is made under the from and higher 
en< I 1 >i the tubes, and the produi is ,,t the 1 om 
bustion pass up between the tubes into .1 1 om- 
bustion chamber under the steam and water- 
drum; from them e thej pass down between the 
tubes, then once more up through the spac< 
between the tubes, and off to the chimney. The 
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water inside tue tubes, as it is heated, tends t<> 
rise towards the higher end, and as it is convert- 
ed into steam— the mingled < olumn of steam and 
water being of less specific gravity than the solid 

water at the back end of the b. >iler— rises thn ingh 

the vertical passages into the drum above the 

tubes where the Steam separates from the water 
and the latter flows bark to the rear and down 
again through the tubes in a continuous circula- 
tion. As the passages are all large and free, this 
circulation is very rapid, sweeping awaj the steam 
as fast .is formed, and supplying its place with 
water; absorbing the heat of the lire 
to the best advantage ; causing a thor- 
oughi ommingling of the water through- 
outthe boiler and a consequent equal 
temperature, and preventing, tu a great 
degree, the formation 
of deposits or incrus- 
tations upon the heat- 
ing surfaces, sweep- 
ing mem away and 

depositing them in the 

mud drum whence 

they are bit iwn out. 
The Ste am is taken 

out at the t< >p . .f the 

steam-drum near the 

back end of the boiler 

after it has th< >r< »ughly 

separated lroin the 

water. 



ADVANTAGES. 

The following are 
the prominent advan- 
tages which this boil- 
er presents over those 
of the ordinary con- 
struct n • :. : 

/- — Thin Heating Sur- 
face m Furnace. 

The thick plates no - 
essarily used in ordi- 
nary boilers, in the furnace, or munediat 
posed to the fire, not only hinder the transmis- 
sion ol heat to the water, but admit of overheat- 
ing, and even burning the side next the fire, with 
consequent strains, resulting in loss of Strength, 
cracks, and tendency to ruptnr<-. This i^ admit- 
tedly th' -In. 1 1 cause ofmostexph tsions. Wat- 
er-tubes, howevi r, admit of thin envelop* - foi 
tin- water nexl the fire, with su< h ready tran 
mission of heal thai a th< fi ^t fin 1 annot 
o\ er hi al i >i- injure the surfa< i . as long as it 

d with w . 1 1 « i- up. >n th<_ other sid< 



2. — Joints Removed from the Fire. 

Riveted joints with their consequent double 
thickness ol metal, in parts exposed to the fire 
give rise to seri< »us dilh. ulties. Being the weak- 
e t parts of the structure, they concentrate upon 
themselves all strains of unequal expansion, giv- 
ing rise to frequent leaks, and not rarely to actual 
rupture. The joints between tubes and tube 
sheets also give much trouble when exposed to 

the direct fire, as in locomotive and tubular 
boilers. These difficulties are wholly overcome 
bj the use of lap-welded water-tubes, with their 
joints removed from the fire. 

3 -Large Draught Area. 
This, which is limited in fire tubes to the 

actual area of the tubes, in this boiler is the 

whole < hamber with- 
in which the tubes are 
encli »sed, which, with 

• low n draft, gives 
ample time in the 
parage of the heat- 
■ d gases to the chim- 
ney f< >r thorough ab- 
sorption of theirheat 

4. — Complete Com- 
bustion. 

The perfection of 

combustion depends 
Upon a thorough mixture of the gases 
evoked from the bunting of fuel with a 
proper quantity of atmospheric air; but 
this perfect mixture rarely occurs in or- 
dinary funi.M es, as is proven by chemical 
analysis, and also by the escape of smoke, 
upon the introduction of any smoke- 
prod in ing fuel. Even when smoke is not 
visible a large percentage of the com- 
bustible gases may be <•>< aping into the 
chimney, in the form of carbonic oxide, or 
half-bm m carbon. Numerous attempts have 
made to cure this evil, by admitting air to 
the furnace or flues, to " burn the smoke ; " but 
though this may allow so much air to mingle 
with the smoke as to render it invisible, and at 
the same time ignite some of the lighter gases, it 
in reality does little to promote < .unlmstion, and 
the cooling effect of the air more than over- 
balances all the advantages resulting from the 
burning gas. The analysis of gases from va- 
rious furnaces shows almost uniformly an ex- 
11 ss of fret oxygen, proving that sufficient air 
is admitted to the furnai e, and that a more 
thorough and perfei t mixing is needed. Every 
!'•"•" lei >f jas< volved from the fuel should have 
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Hs equivalent of oxygen, and must find it while hot 
enough to combine, in order to be effective. In 
this boiler the currents of gases after leaving the 
furnace are broken up and thoroughly mingled by 
passing between the staggered tubes, and have an 
opportunity to complete their combustion in the 
triangular chamber between the tubes and drum. 
That this does really t. ike place is proved by 
an analysis by Dr. Behr of the escaping gases 
from a stack of these boilers at Mattheissen & 
Weicher's sugar refiner}'. I le made main - sepa- 
rate analyses at different times, and in no case 
was there more than a trace of carbonic oxide. 



tact with all parts of the heating surface, render- 
ing it much more efficient than the same area in 
ordinary tubular boiler 

The experiments of Doctor Alban and of die 
U. S. Navy have proved that a given surface 
arranged in that maimer is thirty per cent, more 
efficacious than when in the form of fire tubes as 
usually employed. 

6. — Efficient Circulation of Water. 

As all the water in the boiler tends to circulate 
in one direction, there are no interfering currents, 
the steam is carried quickly to the surface, all 




Babcock & Wilcox Boilers, 120 H. P., at the Vancorlear Apartment House, New York. 

Erected 1878, 73 H. P. in 1881, and 73 H. P. in 1885, 
Showing style of Ornamental Cast Iron Front. 



even when there was less than one per cent, of 
uncombined oxygen 

5. — Thorough Absorption of the Heat 

There are important advantages gained in this 
respect in consequence of the course of the gases 
being more nearly at right angles to the heating 
surface, impinging thereon instead of gliding by 
in parallel lines as in fire-tube boilers. The cur- 
rents passing three times across and between the 
staggered tubes are brought intimately in con- 



parts of the boiler are kept at a nearly equal tem- 
perature, preventing unequal strains, and by the 
rapid sweeping current the tendency to deposit 
sediment on the heating surface is materially 
lessened. 

7. — Quick Steaming. 

The water being divided in many small streams, 
in thin envelopes, passing through the hottest 
part of the furnace, steam may be rapidly raised 
in starting, and sudden demands upon the boiler 
may be met by a quickly increased efficiency. 



i 



*4* 



U 



* 



* 




8. — Dryness of Steam. 

The large disengaging surfai e of the water in 
the drum, together w ith the fa< t that the steam is 
delivered at one end and taken out at the other, 
secures a thorough separation of the steam from 
the water, even when the boiler is forced to its 
utmost. Most tubular, locomotive and sei tional 
boilers /..ike wet steam, "priming" or "foam- 
ing," as it is called, and in many " super-heating 
surface" is provided to "dry the steam;" bul 
such surface is always a soun e of trouble, and i 
incapable of being graduated to the varying! 
quirementsof tin.- steam. No part ofaboilernot 
exposed to water on the one side should I ub- 
jectedtothe heat of the fire upi m the other, as the 
unav< tidable unequal expansion nec- 
essarily weakens the metal, and is a 
serious source of danger. 1 [ence a 
boiler which makes dry steam is to 
be preferred to one that dries steam 
which has been made wet. 



is so far reduced that if overheating should occur 
no explosii in could result. 

12. — Capacity. 

This is a point of the greatest importance, and 
upon it depends, in a larjje measure, the satisfac- 
tory performance of any boiler in several particu- 
lars. Unless sufficient steam and water capacity 
is provided there will not be regularity of action ; 

the steam pressure will suddenly rise and as sud- 
denly fall, and the water level will be subject to 
frequent and rapid changes; and if the steam is 
drawn suddenly from the boiler, or the boiler 
rowded, wet steam will result. 

Water capacity is of more importance than 



9. — Steadiness of Water Level. 

The large area of surfai e at the 
water line, and the ample passages 
for circulation, secure a st adim 

of water level not surpass* d by any 

1" >iler. 

10. — Freedom of Expansion. 

The triangular arrangement of 
the parts forming a flexible struc- 
ture allows any member to expand 
without straining any other, the ex- 
panded connections being also am- 
ply elastic to meet .ill necessiti 
this kind. This is of j it import- 
ance because the w< akening- fleet of 
these strains of unequal expansion, 
between rigidly connei ted puts, is 
a prolific cause of expli >si< >nsin< >rdi- 
nary boilers. The rapid circulate u i 
of the water, however, in this boiler, 
by keeping all parts .it the same tem- 
perature, prevents to a large i k! nt 
unequal expansion. 
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Babcock & Wilcox Boiler, 120 H. P. f at the H. I. Kimball House, Atlanta, Ga. f 
Erected 1884. Showing style uf Wrought Iron Front. 



//. — Safety from Explosions. 

The freedom from unequal expansion avoids 

the most frequent cause i I • ms, while tl 

division of the w it- r into small masses prevents 
serious destructive effects in c accidental 

rupture. The comparatively small diameter of 
the parts secun i veil with thinness oi surface, 
great excess of strength ovi r any pressure which 
it is desirable to u So powerful i> the < ircula- 

ti<>n of the water, that no part will be uncovi red 
to the fire until the quantity of n tt r in the boil* i 



steam space, owing to the small relative weight 

oi tl I am. /;. enty-ihree cubic feet of steam, 
• <;- one fi »ot i >f water spat e, are required to supply 
one h< r for one minute, the pressure 

meantime falling from 80 lbs- to ;«> lbs. per square 
inch. The value oflar t< am room is therefore 
generally much overrated, but if it be too small 
the steam in passing off will sweep the water with 
it in the form of spray. Too mm h water space 
makes slow steaming and waste of fuel in start- 
in; Too mui h steam space add- to the radiatin; 






* 






45 



* 



























\ 



I 







CD 



CO 



9) 



vt 



a. 



3 



o 



^3 



•SO 



^ 



< 

T 

c 






a. 



-» 






' 



* 



» 



surfai e and Increases the losses from that cause. 
'I he proportions of thisboik-r have been adopted 
after numerous experiments with boilers of vary- 
ing capacity; and experience has established thai 
this boiler can be driven to the utmost, carrying 
a steady water level, and steam pressure, and 
always furnishing dry steam. 

The cubical capacity of this boiler, per horse- 
power, is equal to that of the best practice in 
tubular boilers of the ordinary constructs ml The 
fire surface being of the most ell-, live character, 







VIEW. 



joints, opposite each end of each tube, permit ac- 
i ess thereto for cleaning, and a man-hole in the 
steam and water drum, and hand-holes in mud- 
dri-im are provided for the same purpose. All 
portions of both the exterior and interior surface 
are fully aa essible fi tr 1 1< ming. The occasional 
use of steam tlimugh .1 Mowing pipe attached to 
a rubber hose operated through doors in the side 
u alls, will keep the tubes free from soot and in 
condition to receive the heat to the best ad- 
vantage. 
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Babcock & Wilcox Boiler, at T, A. Edison's Laboratory, Menlo Park, N. J, 7j H. P. Erected I8 7 8, 

Showing style of Fronts for single boilers* 



these boilers will, with good fuel and a reason- 
ably economical engine, greatly exceed their 
rated power, though it is seldom economy to 

work a boiler above its nominal power. The 
spat e <" cupied 1 >v this 1» >iler and setting i-. equal 
to about two-thirds that of the .sain-- power in 

tubular boilers 

13. — Accessibility for Cleaning. 

This is of the greatest importance and is secured 
to the fullest extent. Hand-holes, with metal 



14.— Least Loss of Effect from Dust 

The ordinary fire tube, 
or flue, receiving the dust 

front the fire on the in- 
terior is quickly covered J 
from one-third to one- 

wAo ..-en,, half its surface, and in IIKH _ TUDE . 
time is completely tilled. 

I he water-tube, however, will retain bul alimited 

quantitj on its upper side.after which it becomes 

in .1 measure selfn leaning. 
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15 —Durabtlity. 

Besides the important increase of durability 
due to the absence of deteriorating strains, and 
of thick plates and joints in the fire, there is no 
portion of the boiler exposed to the abrasive ac- 
tion which so rapidly destroys the ends of fire 
tubes, or to the blow-pipe action of the flame 
upon the crown sheet, bridge walls and tube 
sheets, which are so destructive frequently to or- 
dinary, particularly locomotive boilers. Neither 
is there any portion of the surface above tin 
water level exposed to the fire. Forthesereasi ins 
these boilers are durable, and less liable to 



ordinary construction. They can be made in parts 
small enough for mule transportation, if required. 

17. — Repairs. 
As now constructed these boilers seldom re- 
quire repairs, but should, from any cause, such 
I n i isary, any good mechanic can make them 
with the t<»«>ls usually found in boiler shops. 
Should a tube require to be renewed it can be 
removed, and a new one substituted the same as 
in a tubular boiler. 

18. — Practical Experience. 
Theabov* advantages would be worthy of at- 
tention if they u ere< >nlythe< »retical,butthe> have 




Babcock & Wilcox Boilers, 164 H. P., erected 1884 for Greenfield & Co., Confectioners, Brooklyn, N. Y. 

164 H. P. additional erected in 1890. 



i pairs, than other boih rs under tin same cir- 
cumstances, and having the same care. 

16. — Ease of Transportation. 

Being made in sections. whi< h an readily put 
together with a simple expanding tool, thesi 
boilers may be easily and cheaply transported 
where it would be impossible to plac< ,i boiler i -i 



been, in fact, demonstrated by the experience 
of twenty years, under a great variety of circum- 
stances and of treatment. Of the total num- 
ber sold, less than two-per cent, have, so far as 
we are aware, been thrown out of use ; while a 
large number of customers have repeated their 
orders —some a score of times, — as will be seen 
by the list of references hereto appended. 
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ECONOMY IN STEAM. 
Efficiency of the Boiler. 
One pound of pur rbon when burned yields 
14.500 heat units, each of which is equal to 778 

K)t pounds of energy. If all its heat was utiliz. 
in power, it would therefor- ert 5.6c; horse- 
power for one hour, ii ,1 of from ', to \. as 
in the best ordinary practi The 14.500hc.1t 

units would, ifall utilized in a boiler, evaporate 15 
lbs. <.t water from 21 - z at atmospheric pressure. 
A boiler which evaporates :'. pound, of wal 




manufacturing purposes, in England. Scotland, 
and lrom Massachua to California in the 
I foited States, with various kinds and grades of 
>als, and at various rates of combustion, cover- 
ing an aggregate of nearly three months' regular 
working, and evaporating over three thousand 
tons "' ' ive an average evaporation of 

ii-a- 1 !; pounds water per pound of combustible. 
This is u Ithinfourp, 1 .'. of Rankine's stand- 
ard, and within seven and one-half per cent. 0/ 

: retical efficiency, under the con- 







Babcock & Wilcox Boiler at Chavanne Brun et Cie., Chamond, France. 248 H. P. 

' W. I. F ith Wrought Headei 



for each pound • ustible, utilizes but 50 

r cent of the total heat, and this is about the 

average result of shell boiler w in use. 

The Babcock vV \\'i boilers, in thirty tests 

extending over the last tv. rs f underagre 

variety of conditi and circumstances, by 1 
ss than twenty different engineers, and. with 

or. ivo excep n d lily use i 



ditions in which they were made. It is not prob- 
able that any kind of boiler, fairlytested, will ever 
beat such a : rd. As about 15 per cent, is 
11 '" l in the chimm and in radiation, it is 

nt that .ill claims to over 12 '.. pounds evap- 
oration should be looked upon as unreliable. 

A nerator is composed of two distinct 

part>. 1 with its in. ndeni , n 1 
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~> • 



h 



furnace is for the proper combustii m of the fuel, 
and its duty i^> performed to] »erfei don w hen th< 
greatest amount, but not n& i ssarily intensity, ol 
heat is obtained from the given weight of com- 
bustible. The boiler proper is lor the transfer i if 
the heat thus generated into useful effect by 
evaporating wato r into steam, and its function is 
fulfilled completely when the .test possible 
quantity of heat is thus utilized. To a hick of 



depend upon the amount of air admitted to the 
furnace, and the increase of temperature at which 
it escapes. The more air admitted the greater 
the loss ; hence the fallacy of all those schemes 

which admit air above the fire. 

The rate of combustion should not exceed 0.3 
pound of coal per hour per square foot of heating 
surface, except where quantity of steam is of 
greater importance than economy of fuel. Where 




t'EKTM M. 5E< i ION. 



Babcock & Wilcox Boiler, at U. S. Centennial Exhibition, 1876. 150 H. P. 



appreciation of this fact, and of a knowledge of 
the principles involved, is chargeable much 
waste of money and disappointment, both to in- 
ventors and steam users. 

As a boiler is for making steam, it can only 
utilize for that purpose heat ofa greater intensity 
or higher temperature than the steam itself, there- 
fore the gases of combustion cannot be reduced 

below that temperature, and the heat thereb) 
represented is lost The amount oi this loss will 



a blast is used the grate surface should be pro- 
portionately reduced to secure best economy. 

"The maximum conductivity or flow of heat 
is secured by so designing the boiler as to secure 
rapid, steady, and complete circulation of the 
water within it . . . and securing opposite di- 
rects >ns « if tli m for the gases on the one side and 
the water on the other."— Prof. R. H. Thurston. 

The accumulation of scale on the interior, and 
of soot on the exterior, will seriously affect the 
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i« ien< j and economy ofthe boiler. * >nly one- 
eighth of an inch deposit ofso< it renders the heat- 
ing surface practical!} useless. Only one-six- 
teenth of an inch of s< ah- 01 - diment will cause 
a loss of 13 per cent, in fuel. A boiler must, 
therefore, be kept clean, outside ami in, to 
c ure a high etii> ien< 5 . 

It is never economy t<> force a boiler, and the 
best results are always attained with ample boil< r 
power. It is also n sarj to keep the boiler, 



always the oxygen in the atmosphere, and the 
her is the fuel empli »yed. Every pound of fuel 
requires a given quantity of oxygen for its com- 
plete combustion, and thus a given quantity of 
air. This varies with different fuels, but in every 
- a— less air prevents complete 1 ombustion, ami 
aw excess of air causes waste of heat t« » the 
amount required to heat it to the temperature of 
the escaping gas. 
With chimney draft, the experiments of the 
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Babcock 4 Wilcox Boiler, at U. S. Centennial Exhibition, 1876. 150 H. P. 



together with its brick work, in j I order, and 
to ha\ e 1 areful firing w here e< < >nomy 1- desired. 
The result of a bad setting for a boiler has 
been known to be a loss of 21 per cent, in 
e< onomy* 

Efficiency of the Furnace. 

( '< >mbusti< »n may be define d as ' 'the union ol 
two dissimilar substances, evolving light .wu\ 
heal ' In < irdinary prai tice 1 >ne - >t~ these is 



I T . S. Navy show that ordinary furnaces require 
aboul twice the the< »retical amount ofairtose* ure 
perfei t combustion. 

Prof. Schwackhoffer, of Vienna, found in the 
boilers used in Europe an average excess of 70 

per Cent, of the total amount passing through 

the fire — or that over three times the theoretical 

ami <unt was used. 

A serii sofanalyses b) I>r. Behr of the escaping 

' om a Babcock & Wilcox boiler, with 
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chimney draft, showed an average excess of air 
equal to 48 per cent, of the whole quantity. 

A senes of 12 tests made by same with arti- 
ficial blast, gave an average excess 1 .1 . inly 22 per 
cent, of the whole quantity, and in a few cases 
none at all, with only traces of carbonic oxide, 
showing perfect combustion. 

In a summary of experiments made in England, 
published in Bourne's late large work, "Steam[ 
Air and Gas Engines/' it is stated that : 

"A moderately thick and hot fire with rapid 
draft uniformly gave the best results." 

"Combustion of black smoke by additional 
air was a loss." 

"In all experiments the highest result was 
always obtained when all the air was introduced 
through the fire bars." 

" Difference in mode of firing only, may pro- 
duce a difference of 13 per cent." (in economy I. 

Different fuels require different furnaces, and 
no one furnace or grate-bar is equally good for 
all fuels. The Babcock & Wilcox Co. provide 
with their boilers, a special furnace, adapted to 
the particular kind of fuel to be used. 

Efficiency of the Engine. 
A first-class boiler will deliver to the engine 75 
per cent of all the energy in the combustible, or 
say 10,875 out of a total of 14.500 heat units, , , r , 
allowing about 8 per cent, for ashes, 10,000 heat 
units for each pound of coal burned. This rep- 
resents 7,720,000 foot pounds of energy, which, if 
all utilized by the engine, would give 3.90 horse- 
power for one hour, or at the rate of 0.26 lbs. 
coal for each hourly horse-power. But, by the 
greatest refinement in engines yet accomplished, 
the cost of a horse-power has not been brought 
below 1% lbs. coal per hour, or 17 per cent, of 
the energy delivered by the boiler, while tin 
average engine uses 3K; lbs. coal per horse- 
power, and discharges, unutilized, 93 per cent, 
of the energy delivered to it ! The greater part 
of this loss is in the latent heat of the steam, 
which is exhausted into the atmosphere, or con- 
denser, and is unavoidable so far as now known. 
Still, the fact remains that many an ordinary en- 
gine uses four times as much steam for the same 
power as is required by the best engines. 

It is economy, therefore, in most cases, to use 
a high-class engine. There are instances, how- 



ever, where the engine is used for so short a 
time in each year, that the saving may not be 
sufficient to pay the interest on the additional 

cost, and a cheaper engine, even if comparatively 

wasteful, may be better economy. 

Compound engines, when high pressures can 
be obtained, have an advantage in economy over 
single cylinders, and even "triple" and "quad- 
ruple " expansion engines under some conditions 
show asavingoversimple "compound." But they 
require a pressure of from 100 to 200 lbs. and a 
comparatively steady load to develope their ad- 
\ antages to a great degree. Such pressures can 
be safely carried on Babcock & Wilcox boilers. 

A large boiler is generally an advantage, but it 
is not economy to use a large engine to develop 
a small power. Sufficient steam to fill the cylin- 
der at the terminal pressure— each stroke— has 
to he furnished whether the engine is doing more 
or less work, and this frequently amounts to far 
ttu >re than the steam used to do the work. Thus, 
a 24 X 48 engine, making 60 revolutions per 
minute, without "cut-off/' uses 30 horse-power 
of steam in displacing the atmosphere, without 
exerting any available power. For the same 
reason back pressure greatly increases the cost 
of the power. 

"Most of the abuses connected with steam en- 
gineering have arisen from two causes— avarice 
and ignoran* e : avarice on the part of men who 
are imbued with the idea that cheap boilers and 
engines are economical, and that these can be 
operated by a class of men who are willing to 
work for the lowest wages; ignorance on the 
part of those who claim to be engineers, but who 
at the best are mere starters and stoppers." — 
/. //. / 'ail, Gen. Snf>t. Edison E.L. Co., New York. 

Efficiency of Pumping Machines. 
Many engines, from the small " donkey " feed 
pump to the great water-works engine, are used 
exclusively for pumping water, and it is usual to 
reckon their "duty " by the water pumped, ex- 
pressed in millions of foot pounds for each 100 
lbs. coal burned ; each million of duty represent- 
ing about 0.13 of one per cent, of the thermal 
value of the steam. The following table is based 
on one given by Chas. E. Emery, Ph. D., in the 
" Report and Awards, Group XX, U. S. Cen- 
tennial Exposition :" 



TABLE OF EFFICIENCY OF PUMPING MACHINES. 



Description. 



Duty in Million 

Fool Pounds per no 

lbs. Coal. 



Per Centage of Ther- 
mal Value of 
Steam Ubed. 



Pumping Engines , 

Steam pumps, large size, proportioned for work 
Steam pumps, small size, lor ordinary uses 

Vacuum pumps 

Injectors, lifting water only 



30 

'5 
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30 

10 
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3.8g 

' '4 

1.04 
0.39 

1 1, -•'. 
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** 
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13.25 
3.89 

1.30 
o.6< 



Equivalent in Coal 
per Hourly Horse- 
power. 



6.68 

»3-4 
2S-0O 

66.6 
100 
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FUEL 



The value of any fu< 1 h me i lir „, , „ tl ^t ° f ^J™ Md h - vd rogen. and ash, with 

neit The fu el used in generating steam is com- per cent in different fuels. 
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TA3LE OF COMBUSTIBLES. 



lit Re- 
quired. 



1 emperature of < om 
bustlun. 



Kino of 

C«< I II I K. 






» » 



Hydrogen 

Petroleum 

\ Charcoal. . 

I arbon - Coke. 

( Anthracite Coal, \ 

Coal— Cumberland 

I >king Bituminous.. 

Cannel 

Lignite 

Peat— Kiln dried 

Aifdried 25 per cent, wkurl, 

\\ l(0r j — Kiln dried 

Air dried 20 per cent, water 



■3 
u 

w U 

.t: a* 



E - - 
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Theoret* a] 

Value. 



Highest 

Attainable 
\*alue un- 
der Boiler. 



»5-*i 
1 a . 1 j 

13.06 
11.73 
11.80 
9.30 
7.68 
5.76 
6.00 
4. So 



5^50 
45S0 

I 

4S3O 
4600 

447 ■ 
40 o 

4080 



Ez< 8«"< g'S^ 

yA?c i ? j; p o 

-=H olg.H oJ^H 04 OT3 c 



£ 






3^60 

3210 



2860 

■ "■ • 

- ti 1 
2680 

-4 I 

4 ' ' 

2200 
21:--. 



1S5O 
1650 



: 

1720 
I67O 
l660 

1 






~ 4, d _ 



620^2 

. ■ i- 1 o 

14500 

'5370 

-5S37 

15080 

1 1-45 

4660 

7000 

? > : 
560a 



64.20 
21.74 

15.00 

00 
16.00 
15.60 

12.15 
I .00 

7 

7 50 

5.80 









18.55 
13.30 

14.28 

14-45 

14.01 

10.78 

8.Q2 
6.4I 

6.64 
I. 



L_ C 

^ s. 8 

- =0 

• ^ -5 



14.14 

15.06 

15.19 

'4-76 
11.46 

P42 

6.78 

7.02 
4 ,Q 



There is a 1 ar,e difference in coals from different localities, and even adjacent 
mines. I he following table of American . oals, is comj .Uedfrora various a .urces : 

.. AMERICAN COALS, 




COAL. 



STATE. Kl N D OF COA1 ., 



lvnn. Anthracite 



• > 

■ • 






1 nnel 

ConnellsvHIe. . 
Semi-bit'nous.. 
Stone's Gil*- 
Y uphiogheny 

Brown 

Kentucky Caking 
Cannel 



• • 



Lignite. . . . 



■ 

•J 


Theoretical Value. 


Cxi 






:< 


in Heat 


Pounds 


*~ 


Units. 


■ r 




evap. 


■ w 


11. 1 »g 


14.70 


0.13 


13.33S 


14. >i 


2.00 


14,221 


14.72 


'2 


1 ,143 


13. 


6.50 


;68 


13.84 


IO.70 


•35 


13.62 


5.00 


14.021 


14. $ 1 


5.60 


M. 


14 - 


9.50 


1 ■ 


75 


2.75 


14, f i 


14.89 


2.00 


>5.' 


16.76 


I4.80 




1 1.84 


7.00 


9»3«6 


9.65 



I « >AL. 

IK. KIND 'Al« 



III. Bureau Co. . . . 

Mercer < 

Montauk 
Ind. Block 

Caking 

" Cannel 
Md, ( umberland . . . 
Ark. Lignite ... 
Col. 



= - 



■ 1 1 ■ 



Texas 

Wash. Ter. Lignite. 

Pcnii. Peimleum 



13.88 
5.00 

4.5 1 

3.40 



Thcwrcti< al \"alue 



in Heat 

t/nit*. 



I .025 

1 . 

13.S88 
14 146 

H.097 

1 .226 

9.2'5 
' 3062 

I2,q62 

".55* 



Pounds 
of water 

evad. 



13.4* 

•58 
13.10 

14-38 

14.04 

n.56 

12.65 

9-54 

34.04 

1 V 55 
I .41 

1 196 

-■'•47 



The effective value of all kind, of wood per found, when dry, is substantially 
the same_rius is usually estimated at 0.4 the value of the same weight of coal 
^^^ The following are the weights and comparative value of 

different woods by the cord : t 




Kind ti Wood. 


Wght. 


Hickory, Shell bark. 

Retf heart. 
\Vhite Oak 


4469 

37o5 
3821 

3 2 54 
2325 
2137 


Red Oak 




New Jersey Pine 



Kind of Wood. 



Beech. 

Hard Maple 

Southern Pine.. 
Virginia 
Yellow 
White 



t • 



Wght. 



3126 
2878 

3375 
2680 
1904 
1 ■ 68 



Boiler Houie and Chimney for 



1 he first tabic- gives, for the more- rum- 

mon combustibles, the air required for 
complete combustion, the temperature 
with different proporti< >ns < »f air, the theo- 



Ba^ & W„co, Boifers, 2000 H. ,, with Artificial B.ast, Ec^i,,, etc. retica. value ^^S^'JSS^ 
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value under a steam boiler, assuming that the 
gases pass off at 320°, the temperature of steam 
at 7 5 ^lbs. pressure, and the incoming draft to be 
at 6o°; also that with chimney draft twice and 
with blast only the theoretical amount of air is 
required for combustion. 

The relative value of different fuels is largely a 
question of locality and transportation. For in- 
stance, in some parts of Central America they 
burn rosewood under their boilere, because it is 
cheaper than coal ; while a few years ago in the 
West it was found, during a coal famine, that In- 
dian com was the cheapest fuel they could bum. 
In some places they bum manure only. The 
Babcock & Wilcox boilers of Chicago cable rail- 
ways are run regularly on the offal from the 
stables of the horse roads, a very small propor- 
tion of coal being used to keep it alight 

"Slack" or the screenings from coal, when 
properly mixed — anthracite and bituminous,— 
and burned by means of a blower on a -rate 
adapted to it, is nearly equal in value of com- 
bustible to coal, but its percentage of refuse is 
greater. 

A number of firms are using slack with decided 
economy, under Babcock & Wilcox boilers, in 
which there is ample space below the tubes for 
the dust to accumulate without covering heating 
surface or impairing the draft. 

Much is said nowadays about the wonderful 
saving which is to be expected from the use 
of petroleum /or fuel. This is all a myth, and a 
moment's attention to facts is sufficient to con- 
vince any one that no such possibility exists. 
Petroleum has a heating capacity, when fully 
burned, equal to from 21,000 to 22,000 B. T. U. 
per pound, or say 50 per cent, more than coal. 
But owing to the ability to burn it with less 
losses, it has been found through extended ex- 
periments by the pipe lines that under the same 
boilers, and doing the same work, a pound of 
petroleum is equal to 1 "S pounck ,.f coal. The 
experiments on locomotives in Russia have 
shown practically the same value, or 1 77. Now, 
a gallon of petroleum weighs 67 pounds .though 
the standard buying and selling weight is 65 
pounds), and therefore an actual gallon of petro- 
leum is equivalent under a boiler to twelve 
pounds of coal, and 190 standard gallons are 
equal to a gross ton of coal. It is wry easy with 
these data to determine the relative cost. At the 
wells, if the oil is worth say two cents a gallon, 
the cost is equivalent to $3.80 per ton for coal at 
the same place, while at say three cents per gal- 
lon, the lowest price at which it can be delivered 
in the vicinity of New York, it costs the same as 
coal at I5.70 per ton. The Standard Oil Co. 



estimate that 1 73 gallons are equal to a gross ton 
of coal, allowing for incidental savings, as in 
grate bars, carting ashes, attendance. &c. 

Saw dust can be utilized for fuel to good ad- 
vantage by a speciai furnace and automatic feed- 
ing devices. Spent tan bark is also used, mixed 
with some coal, or it may be burned without the 
coal in a proper furnace. Its value is about one- 
fourth thatof the same weight of wood, as it comes 
from the press, but when dried its value is about 
85 per cent, of the same weight of wood in same 
state of dryness. 

Bagasse, the refuse of sugar cane, after being 
dried in the sun, is largely employed in Cuba. 
Its value is about equal to the same weight 
of pine wood, in the same state of dryness. As 
it comes from the mill it contains from 50 to 
80 per cent, of water, in which state it may be 
burnt in Cooks Bagasse Furnace, under Babcock 
& Wilcox Boilers, with a result nearly or quite 
equal to that of the dried bagasse under ordinary 
boilers, thus saving the large expense of drying it 
It has been estimated that on an average one 
pound of coal is equal, for steam-making pur- 
poses, to 2 lbs. dry peat. *% to 2 K lbs. dry wood, 
* l A to 3 lbs. dried tanlurk, 2'; to 3 lbs. sun- 
dried bagasse, 2 % to 3 lhs. cotton stalks, 3% to 
$% lbs. wheat or barley straw, 5 to 6 lbs. wet 
bagasse, and 6 to 8 pounds wet tan-bark. 

Natural gas varies in quality, but is usually 
worth 2 to 2> 2 ' times the same weight of coal, or 
about 30,000 cubic feet are equal to a ton of coal. 

TEMPERATURE OF FIRE. 
By reference to the table of combustibles, it 
will be seen that the temperature of the fire is 
nearly the same for all kinds of combustibles, 
under similar conditions. If the temperature is 
known, the conditions of combustion may he in- 
ferred. The following table, from M. Pouillet, 
will enable the temperature to be judged by the 
appearance of the fire : 



Appearance. 



Temp. Fah. 



Red, just visible . 

" dull 

Cherry, dull 

•• full.. 
" clear 



• ■ 



• 4 



Q77' 

I2QO 

I470 
1650 



Appearance. 



Orang-e, deep., 
clear. 
W hue heat .. 

" bright .. 

" dazzling 



Temp. Fah. 



2010 
aiQo 

2370 

2550 
2730 



To determine temperature by fusion of met- 
als, etc. — 



Sub- 
stance. 



Tallow 

Spermaceti . 
Waji, white. 
Sulphur .... 
Tin,.... 



Temp. 

Fah. 



Metal. 



Q2 

120 

239 

455 



Bismuth.. 

Lead 

Zinc 

Antimony 
Brass.. . 



Temp. 
Fah. 



518 

630 

810 

1650 



Metal. 



Silver, pure... 

Gold Coin 

Iron Cast, med 

Steel 

Wrought Iron 



Temp. 

Fah. 



1830 
2156 

OOIO 

2550 

2Q IO 
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BURNING GREEN BAGASSE 



The refuse from sugar cane, after it has left 
the grinding rolls, contains usually from 25 to 40 
per cent, of woody fibre and from 6 to 9 per 
cent, of sugar, while the balance, respectively 
66 to 54 per cent, is water. In this condition it 
;-> not combustible in ordinary furnaces, for 
which purpose it requires to be sun-dried, 
which process removes from eight to nine-tenths 
of the moisture and nearly all the sugar through 
fermentation. This sugar itself is an excellent 
fuel, and if it could be utilized as such would 
be nearly sufficient to evaporate the water in 
which it is dissolved, so that it is probable that 
the process of drying by natural means destroys 
more fuel than sufficient to do the drying includ- 
ing that wasted in the several handlings If, 
therefore, the green bagasse can be burned 
direct from the mill it should give as good 
results as when dried. 

Cook's Automatic Apparatus accomplishes 

this result, burning the bagasse automatically 
direct from the sugar mill, with a saving of the 
large number of men, carts and oxen required 
for spreading, drying, gathering and firing it in 
a dry state. It also secures far better combus- 
tion than can be had with the best hand firing, 
with no smoke, little refuse, and a greatly in- 
creased evaporative capacity. An element of 
additional economy consists in utilizing the 
waste heat escaping to the chimney for heating 
the blast. This hot blast is peculiarly efficient 
in burning wet fuel, because of the greatly in- 
creased capacity of the hot air for absorbing 
moisture, and thus partially drying the ba- 
gasse before burning. Air at 200 tem- 
perature has over two hundred 
times the capacity for mois- 
ture that the same air 
has at6o°,andthe 



air required for the combustion of the fuel in the 
bagasse, if forced into the furnace at 300 tem- 
perature, will carry away the excess of moisture 
in the fuel without other heat than that itself 
contains. Therefore, if the blast is heated by 
the waste gases to that temperature, it secures 
the full value of the fuel for steam making, the 
same as if it were dried before it was delivered 
to 1I1 furnace These considerations explain 
the fact that where these burners have been 
erected they have always brought about a large 
reduction in the supplementary fuel required 
with dry bagasse, besides giving more and 
steadier steam pressure. In a well arranged plan- 
tation the bagasse is sufficient without other fuel. 

The furnace of Cook's apparatus consists in 
an oven of brick having a smaller chamber be- 
neath, into which the blast previously 
heated is introduced through num- 
erous perforations in the walls. 
Openings in the walls of the oven 
permit the escape of the gases of 
combustion to the boilers. On their 
way to the chimney these gases 
pass tubular heaters, through which a 
fan forces the blast en route to the 
burner, thus returning a large part of 
the waste heat to the furnace and 
securing an exceedingly high tem- 
perature therein. 

The furnaces require to be cleaned 
once in 24 hours, when the refuse 
from 250 tons of bagasse makes 
about four wheel-barrow loads, in the 
form of a vitreous mass, evidencing 





Side View of Cook'* Automatic Apparatus for burning Green Bagiise *ith Babcock k Wilcox Boilers, at Yn<*»nio Senado 
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the intense heat attained. This high temperature is readily absorbed by 
the Babcock & Wilcox boilers without injury to the heating surface, but 
it is not considered safe to apply it to other boilers having thicker heat- 
ing surface and a less perfect circulation of water. 

The bagasse is fed to the furnai es automatically by an arrangement 
of carriers which receive it from the rolls and distribute it equably to 
the different furnaces, where more than one is required, dumping any 
surplus upon cars, where it is stored for use when the mill is not grind- 
ing. The number of attendants required is reduced to a minimum. 
ever)' operation being automatic. At Yngenio Senado two of these 
burners reduce the number of men employed from 250 to 60, besides 
the saving in wood and teams, the better supply of steam, the ability 
to grind during rainy weather, and the total absence of risk of fires. 
As a rule, the cost of the apparatus is repaid in the first crop. 

Four of Cook's apparatus with Babcock & Wilcox boilers have now- 
taken off six crops each in Louisiana with no repairs or stoppages, 
and with perfect success in every case. Forty burners in Cub 
the last season worked through the entire crop successfully without the 
least stoppage or trouble. No wood was required 
after the first starting, the spare bagasse serving to 
light the burner after stopping for (leaning, as well as 
to keep it running when the mill was not grinding 
Burning green bagasse with economy and efficiency is, 
therefore, no longer a problem, but an assured success 

Cocks Apparatus is the subject of numerous 
patents in all sugar-producing countries. Thes< /7/7/ 
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patents, all of which are owned, or controlled, by 
the Babcock & Wilcox Company, rover all the pecul- 
iarities which distinguish this process and apparatus 
from the previous crude attempts to burn green ba- 
isse. Among these, are the arrangement of several 
boilers for one burner; the construction of the furnace 
without grate bars; the hot blast in numerous jets, 
applied to a bagasse burner, and the method of heat- 
ing the same; the method of dividing the bagasse 
automatically between several burners; the improved 
carriers; the storing of surplus bagasse for use 
when the mill is stopped temporarily; the arrange- 
ment of the bagasse-fired boilers so that they ma\ be 
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fired with other fuel in the ordinary manner when the 
mill is not grinding; and numerous other important 
details. It is the only apparatus which will < i!<< tually 
take care of the bagasse direct from the mill. I Aim 
the season of 1891-92 there were sixty-three Cook's 
furnaces on the island, automatically caring for and 
msuming the bagasse from 23.000 tons of cane daily. 
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HORSE-POWER OF BOILERS. 
Strictly speaking, there is no such thing as 

horse-pou-er-'.oast.amboiler-.is.,,,;,^ 
ure apphcable only to dynamic effect. But as 
bo.lers are necessary to drive steam-engines the 
same measure applied tosteam-engmes has come 
- >c umversally applied to the boiler, and ca n- 
not «vdl be discarded. In consequence, how- 
ever, of the different quantity of steam necessary 
to produce ahorse-power, with different engines 

ard by which the amount of boiler required ,,, 
provide steam for a commercial horse-power may 
be determined. 

This standard, as feed by Watt, was one cubic 

loo o water evaporated per hourfrom a:a«>fo r 
each horse-povver. This was, at that time, the 
requirement of the best engine in use. At the 
present time, Prof. Thurston estimates, that the 
water required per hour, per horse-power in 
good engines, is equal to the constant 200 divid- 
ed by the square root of the pressure, and thai in 
die best engines this constant is .is low as rjo 
Tins would give for good engines, working with 
«4 lbs. pressure, 25 lbs. water, and for the best 
engines working with .00 lbs., only , 5 lbs. water 
per hourly horse-power. 

The extensive series of experiments, mad. 

No dt'u T tiQn 0, " C K EmaV - M E « S 
Noveltj Works, m ,S66-3, and published by 

Professor Trowbridge, show, that at ordinar • 

pressures, and with good proportions, non-con- 

densing engmes of from 20 to 300 H. P., rcq „i,ed 

only from 25 .0 30 lbs. water per hourlv lL, J 

Power, in regular practice. 

The standard, therefore, adopted bythe |udges 

'" tlle ,a,e Centennial Exhibition, of L n 
water per hour, evaporated, at 70 lbs. p 4sur 

--.fore achhorse-powesafu'ro,,,.,;. 
both boilers and engines, and has been favor- 
aMyrece.ved by theAm.Soc. of Mech. Engineers 
and by steam ui but as the same bou™ 
be made to do more or less work with less orgreS 
er economy, it should be also required thfethe 
rating of a _ boiler be bused on, te a J ,f 
water ttwtil evaporate at a high economical rate 

for purposes of economy 

the amount of heating surface 
should never be less than 01 

and generally not more than 
two, square feet, for each 
5,000 British thermal units to 
be absorbed per hour, though 
tli is depends somewhat on 
the character and location of 
such surface. The range 
given above is believed to be 



sufficient to allow for the different conditions in 
practice, though a far greater range is frequently 
employed. As, for instance, in torpedo boats 
where everything is sacrificed to lightness anci 
power, the heating surface is sometimes made to 
absorb 12,000 to 15,000 B. T. U. per square foot 
per hour, while in some mills, where the pro- 
prietor and his advisers have gone on the princi- 
ple that -too much is just enough," a square foot 
IS only required to absorb 1,000 units or less per 
hour. Neither, extreme is good economy 

Squarefeet of heating surface is no criterion as 
between different styles of boilers -a square 
loot under some circumstances being many times 
as efficient as in others; but when an average 
rate of evaporation per square foot for any given 
boiler has been fixed upon by experiment, *here 
IS no more convenient way of rating the power «,f 
Oth ;o. the same style. The following table 
• an approximate list of square feet of heat- 
mgsurface per H. P. in different styles of boilers- 

and various other data for comparison ■ 



Type of Boiler. 




Water-tube .. .... IO to i 2 

I ubular 

Flue 

Plain < ylirider 
Locomotive. 
Vertical Tubui i r 



Prof. Trow 
bridge. 



A horse-power in a steam-engine or other 
Pnme mover, is 550 lbs. raised 1 foot per second 
or 33,000 lbs. 1 foot per minute. 

HORSE-POWER OF DIFFERENT NATIONS. 

-Most nations have a standard for power sinu- 

'"' to, and generally derived from Watt's " horse- 

f"' u ". but owing to different standards of 

weights and measures, these are not identical, 

though the greatest differences amount to less 

' "> iH percent. The following table gives die 

standard horse-power for each nation, in kilo- 

grammetres per second, and i„ foot-pounds per 

COftd, expressed in the foot and pound stand- 
ard m each country : 

TABL^OFJTA^DARDHORSE^OVO FOR DIFFERENT NATIONS. 
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BOILERS IN IRON AND STEEL WORKS 

The requirements of a steam boiler in an iron 
or steel works are more s«\ < re than in any i ither 
establishment, with possibly the exception of a 
sugar plantation. The heat applied t<> the boiler 
is n<>t only intense, but fluctuating. The utmost 
possible amount of work may be required from 
the boiler for one hour, and scarcely any \\<>rk 

the next, while in manv iron works t< ..> little 

* - 

attentii »n is j>.ii«l to the hi dler-ln >u^<- by the man- 
agement, it being left to the care or neglect 



Tins boiler p< »ss< - s for this purp< »se the ad- 
vantages of safety and \ » onomy. The intense- 
he. it of i in- gases from a puddling furna< e is very 
destructive of thick plates and riveted joints, 
causing frequent vi< >lent explosions in boilers so 
he. in*!. The thin tubes, and rapid * irculation, 
in these boilers render them less liabli t- >damag 
from the high temperature.and the arrange menl 
ol heating su secures a fuller absorption of 

the waste heat. Should a tube burn out, no se- 
rious expli »sii mi c in i iccur. 
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Section - I 
8^2 Horse Power Ba & Wilt ox Boiler* 

at Lucy Furn&CflS- Pitt, burgh, Pa., burning waste gas. 
Total H. P. now in use, 3457. 
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iim « >mp< tent men, e is, alsi 1 i: 1 - [uentl) 

lai k "l suffix lent boilei 1 apa< it] and in 1 1 >ns< 
queni 1 the b >il< * h \\ en at a rate w hi( h is 

I n «th v. ml 1 >j fu» 1 .tiul destrui ti\ e to heatin 
surfaces. 

An extended 1 Kp< ri< nee with the Babcock & 
Wilcox boilers in in >n and steel works extendin 

er ten rs, under .1 varief y of ( onditions, in 
1 1 mnei tion w itti h< ating, puddling, an* I I >la il 
furnai es utilizing the wast* heat.hassh* >wnth< ir 
adaptability and superioritj I u< h » ork- 



Sonv establishments plac their boilers ovei 
tli- furnace 5, as shown in the cut, vvhil« 1 hers 
plai e them .it the side of the fui nace, or in tl 

ir. » 'ik .m!\ antagi 1 »l t his boih 1 1 >pe< ially 
for double puddling and la heating furna< es, 

that a much larger amount of heating surface 

in 1 h 1 «1.u ed on er .1 furna< 1 \ than 1 an i »«- don< 

with the boilers ordinarily used for this purpose, 

therebj giving greater e< onomj of fuel with less 

►st ol erection. AtThe< arron Iron Works, 

near < .1.. \ S< 1 ^tland, the I in j Furnas es, 



•;; 



* 



Pittsburgh, P i nd i Isewhere, tl boil 
fired with the waste gases of the blast furnai - 
th marked success. The combi u of Ui 
s is perfect; the boilers develop much n 
than their rated i apai itj ; and the dust 1 1 mtained 
in the gas has given no tn tuble. The i er of 

the Lu( 5 l m 

4 Tlv re very free steamers, easily cleaned, 
d will do a given amount of work on \ • ry much 

less gas than our cylinder or two-flue boilers, 

They hs\ e i os1 nothing for repairs 



WEIGHT AND VOLUME OF AIR. 

A cubic foot of air at 6o° and under average 

tmospheric pressure, .it sea level, weighs 536 

grains, and 1 6 cubic feet weigh one pound. 

Air expands or contracts an equal amount with 

ch d 1 of variation in t< mperature. Its 
weight and volume at any temperature under 30 
inches of barometer may be found within less 
than one-half of one per cent, by the following 
formula, in which W= weight in pounds of one 
cubic foot, V — volume in cubic feet, per pound, 




W 



Babcock & Wilcox Bi.lir^ ovw Puddling Furnace. 

In rolling mills doing the heaviest and most 
irregular kind of work, the SU< 1 I these boil- 

ers has been equally encouraging, and, in a 
number of the Bessemer Ste I Works, they ai 
ipplying steam to reversing engines rolling sfc 
ingots in two high tram-, while several hu. 
plants supply power for rolling rods, bar iron, 

ils and beams, and drawing wire. '1 he nam< 
of many e isive Iron and Steel Works, in 
s«>me of which large plants have been in use P 
\ ears, will be U >und in the li^t 1 A . 



and - absolute temperature, or 460 added 
to that b) the thermometer, / 460. 



V 



40 



I oranj 1 ondition ofp nd temperature 

th>- following t< »rmulas are ver) nearh exact : 



\V 2. 7 \P . . V 



2.71/ 



. t 2.71 Y/> — 460 



which /> is pressure above absolute vacuum. 
The same formulae answerforany other gas by 
1 hanging the - 1 . • tti< lent 
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CHIMNEYS. 

Chimneys are required for two pur- 
poses — ist.to carry off obnoxious gas- 
es j 2d, to produce a draught, and so 
facilitate combustion. The first re- 
quires size, the second height. 

Each pound of coal burned yields 
from 13 to 30 pounds of gas, the vol- 
ume of which varies with the temper- 
ature. 

The weight of gas to be carried off by a 
chimney in a given time depends upon 
three things — size of chimney, velocity 
of flow, and density of gas. But as 
the density decreases directly as the ab- 
solute temperature, while the velocity 
increases, with a given height, nearly as 
the square root of the temperature, it 
follows that there is a temperature at 
which the weight of gas delivered is 
a maximum. This is about 550 above 
the surrounding air. Temperature! 
however, makes so little difference, 
that at 550 above, the quantity is only 
four per cent, greater than at 300 . 
Therefore, height and area are the only 
elements necessary to consider in an 
ordinary chimney. 

The intensity of draught is, how- 
ever, independent of the size, and de- 
pends upon the difference in weight of 
the outside and inside columns of air. 
which varies nearly as the product of 
the height into the difference of tem- 
perature. This is usually stated in an 
equivalent column of water, and may 
vary from to possibly 2 inches. 

After a height has been readied to 
produce draught of sufficient intensity 
to burn fine, hard coal, provided the 
area of the chimney is large enough, 
there seems no good mechanical reason 
for adding further to the height, what- 
ever the size of the chimney requir- 
ed. Where cost is no consideration 
there is no objection to building as 
high as one pleases ; but for the 
purely utilitarian purpose of steam 
making equally good results, might 
be attained with a shorter chimney 
at much less cost. 

The intensity of draft required va- 
ries with the kind and condition of 
the fuel, and the thickness of the 
fires. Wood requires the least, and 
fine coal or slack the most. Tc 
burn anthracite slack to advantage, 
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a draught of 1 % inch of water is nec- 
essary, which can be attained by a well- 
proportioned chimney 175 feet high. 

Generally a much less height than 
100 feet can not be recommended for a 
boiler, as the lower grades of fuel can- 
not be burned as they should be with 
a shorter chimney, 

A round chimney is better than 
square, and a straight flue better than a 
tapering, though it may be either larger 
or smaller at top without detriment. 

The effective area of a chimney for 
a given power, varies inversely as the 
square root of the height. The actual 
area, in practice, should be greater, 
because of retardation of velocity due 
to friction against the walls. On the 
basis that this is equal to a layer of air 
two inches thick over the whole inte- 
rior surface, and that a commercial 
horse-power requires the consumption 
on an average of 5 pounds of coal per 
hour, we have the following formulae : 

o. 3 H _ 
1 =-4^-=A — 0.6 , A 1 

• h 
H=3-33 Ej/2 

S =12 1 K 4 

0=13.54 j E-f-4 

0.3H ; 



k =c-F) 



2 

3 

4 

5 



<n which H = horse-power ; h = heig.r, 
of chimney in feet ; E = effective area, 
and A— actual area in square feet ; S = 
side of square chimney, and D = dia. 
of round chimney in inches. The table 
on page 70 is calculated by means of 
these formulae. 

To find the draft of a given chimney 
in inches of water : Divide 7.6 by the 
absolute temperature of the external 
air (t. = / -f 460); divide 7.9 by the 
I |c absolute temperature of the gases in 
the chimney (r, = t' + 460); subtract 
(he latter from the former, and multi- 
ply the remainder by the height of 
the chimney in feet. This rule, ex- 
pressed In a formula, would be : 



'-*(£-«■ 



To find the height of a chimney, lo 
_^ give a specific draft power.express- 

tSHSgf^-d in inches of water : Proceed -s 




KSSgifr 4 above, through the first two steps, 

then divide the given draft bozcr 
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by the remainder, the result i-^ the height in feet 

Or, by formula : 

d 



h = 



7 .6 



To find the maximum efficient draft for any 
given chimney, the heated column being 6oo F., 




and the external air 62 : Multiply the 
heighi above grate in feet hy .oo~ t 
and the product is the draft power in 
inches of water. 

The above diagram shows the draft, in 
inches, of water for a chimney 100 feet 
high, under different temperatures, from 
50 to 8oo° above external atmosphere, 
which is assumed at 6o°. The vertical 
scale is full size, and each division is ^ 
of an inch. It also sin >u^ the relative 
quantity, in pounds of air, which would 
be delivered, in the same time, by a 
chimnev under the same differences of 




temperature. It will be seen that practically 
nothing can be gained by carrying the temper- 
ature of the chimney more than 350 above the 
external air at 6o°. 

To determine the quantity of air \ in pounds, 
a given chimney will deliver per hour, multiply 
the distance in inches, at given temperature, on 

the diagram, 
by 1000 times 
the effective 
area in square 
feet, and by 
the square root 
of the height 
in feet. This 
gives a maxi- 
mum. Fric- 
tion in flues 
and furnace may reduce it greatly. 

The external diameter of a brick chim- 
ney at the base should be one-tenth the 
height, unless it be supported by some 
other structure. The "batter" or taper of 
a chimney should be from T x ^ to \± inch to 
the foot on each side. 

Thickness of brick work: one brick (S 
or 9 inches) for 25 ft. from the top, increas- 
ing 3 2 brick (4 or 4)2 inches) for each 25 
ft. from the top downwards. 

If the inside diameter exceed 5 ft. the 
top length should be ij^ bricks, and if un- 
der 3 ft. it may be l 4 brick for ten feet. 
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Chimney for 1260 H. P. of Babcock & Wilcox Boiler, at Bird Coleman Furnace, Cornwall, Pa. 
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SIZES OF CHIMNEYS WITH APPROPRIATE HORSE-POWER BOILERS. 

The following Ublc has been computed by means of the formulae on page 68, and will be i.-und 

useful for ready re fere iu i 
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IRON CHIMNEY STACKS 




In many places, notably in iron works, iron 
stacks are preferred to brick chimneys. Theii 

efficiency for the same dimensions 
is somewhat higher because there 
is no infiltration of air as through 
brick-work. The cuts on the mar- 
gin of this page show the stacks 
of the Pennsylvania Steel Co , at 
Sparrow's Point. Md. These are 
lined with brick their whole height 
and are bolted down to the base 
so as to require no stays, though 
in this case they would be sum i- 
ently stable from their own weight 
A good method of securing such 
bolts to the stack is practiced by 
the Pencoyd Iron-Works, Pa., and 
is shown in detail in the annexed 
figures. On page 69 is a cut of a 
similar stack, at the Bird Coleman 
Furnaces, Cornwall, Pa. Iron 
stacks require to be kept well 
painted to prevent rust, and 
generally, where not bolted 



Stability, or power to 

withstand the i ■verturning 
force of the highest winds 
requires a proportionate re- 
lation between the weight, 
height, breadth of base, and 
exposed area of the chimney. 
This relation is expressed in 
the equation 
tf fr 



c 



= u: 




in which d = the average 
breadth of the shaft. // = its 
height; b = the 
breadth of base; all in 
feet ; W = weight 1 1 
chimney in lbs., and 
C= a co-efficient ol 
wind pressure per 
square foot of a. This 
\ aries with the cross- 
section of the chim- 
ney, and = 56 for 
square, 35 for an octo- 
gon, and 28 for a round chim- 
ney- Thus a square chimney 



down, as here shown, they H old,n ? down Bolh and Lugs, of average breadth of 8 ft., 10 



need to be braced by rods Pencoyd Iron Works. 

or wires to surrounding objects. With four such 

braces attached to an 
angle iron ring at 2 } 
the height of stack, and 
spreading laterally at 
least an equal distance, 
each brace should have 
an area in square inches 
equal to r-iooo the c\ 
posed area of stack 
(dia. X height) in feet 




feet wide at base and 100 feet 
high, would require to weigh 
56X8X100X10 = 448,000 
lbs. to withstand any gale 
likely to be experienced. 
Brick work weighs from iooto 
130 lbs. per cubic foot, 
hence such a chimney 
must average 13 inches 

thick to be safe. Around 

stick could weigh half as 
much, or have less base. 
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PROPERTIES OF SATURATED STEAM. 

Ice is liquified and becomes water at 32 F. 
Above tliis point water increases in temperature 
up to the steaming point, nearly at the rate of i° 
for each unit of heat added per pound of water. 
The steaming point (2 12 at atmospheric press- 
ure!, rises as the superimposed pressure in- 
creases, but at .1 decreasing ratio; as, for ex- 
ample, .it atmospheric pressure it takes i%° to 



tl lermometric temperature), constitutes the "Total 
Heat.' 1 The "total heat" being greater as the 
pressure increases, it will take more heat, and 
consequently more fuel, to make ,1 pound of 
steam the higher the pressure. 

Saturated steam cannot be cooled except by- 
lowering its pressure, the abstraction of heat be- 
ing compensated by the 1 it< nt heat of a portion 
which is condensed. Neither can steam, in 
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Two Cast Iron Front Boilers, 100 H. P 



add a pound, while .it [50 lbs. ' iv< the same 

in< rease of pressure. 

For each unit of heat added above the »1 am- 
ing point, a portion of the water is c< inverted into 
ste, m, having the same temperature and the same 

essure as that at which it is evaporated. The 
heatsoal bed is called "Latent Heat" Tl 
amount of heat rendered latent byea< h pound of 
water in becoming steam varies at different pres 
tires, decreasing as thepressure increases. This 
latent hsat added to the sensible heat (or the 



contact with water, be heated above the tem- 
perature normal to its pressure. 

Tin/ density of saturated steam varies from }i 
that of air of same temperature and pn -tire, 
below that oi the atmosphere, to ' . at 100 lbs. 
Its weight per cubic foot varies ,is the 17 root 
of the inth power, and may he found by the 
formula: D =.003027/' ' ll , whi< his correct to 
within \ per cent, up to 250 lbs. pressure. 

The following table gh s the properties of 
steam at different, pressures— from i lb. to 500. 
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Edison Central Station, W. 26th St., New York City. 

i o contain 3,000 H B 1 n Boi vhen in full 

lie now in .Hid \ 
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TABLE OF PROPERTIES OF SATURATED STEAM, Partly from C. H. Peabody's Tables. 



Pressure 

in 

pounds 

persq.in. 

above 
vacuum 

i 

2 

3 

4 

5 
6 

7 
8 

9 
iy 

l 5 

20 

*5 

30 

35 
40 
45 
50 

55 
60 

65 

70 

85 
QO 

95 

TOO 

IO5 

no 

"5 
120 

"5 

130 

t 4 o 
150 
160 
170 
180 
190 
200 
125 
250 

2 75 
300 

325 
35o 

375 
400 
500 



^ i Total heat I Heat Heat . of 

Tempera- in heat unils inliquid ^aponza- 



lure in 
degrees, 

Fahrenheit. 



EOZ.QQ 

126.27 
I4I.62 

153.09 
162.34 

170.14 
176.90 
182.92 
188. u 

193.25 
213.03 

227.95 

240.04 

250.27 

259.19 
267.13 

274.29 

280.85 

286.89 

292.51 

297.77 
302.71 

3*>7.38 
311.80 
316.02 
320.04 
..89 
327.58 

334.56 
337-86 
341.05 

344- * 3 
347.12 

352.85 
358.26 

363-40 

368.29 

372-97 
377-44 
381.73 
391-79 
400.99 
409.50 

4'7-4- 
42482 
431.90 
438.40 

44S.I5 
466.57 



from 
water at 

32°- 

I 1 13. 1 

1 120.5 
1 125.1 

1 128.6 

. . <j.8 

"35*9 

1137-7 
1 139.4 

1 140.9 
1 146.9 

»i5*-5 

« «55 ' 
1158.3 
1161.0 
1 163.4 

1 165.6 

1 167.6 

1 169.4 
II71.9 

1 172.7 
1x74.3 

"75-7 

1 177.0 

1 178.3 

1 179.6 

1 180.7 
1 181.9 
x 182.9 
1 184.0 
1 185.0 

1 186.0 
1 186.9 

1 187.8 
1189.5 
I to ' 

1 192.8 

1 194.3 

1 105.7 
1197.1 
1198.4 

1201.4 
1204.2 
1206.8 
1209.3 

121 1 . 5 

I213.7 
I2I5.7 
1217.7 

1224. 1 



from 
32* in 
units. 



70.0 

4-4 

109.8 
1 _• i . 4 
130.7 
138.6 

U5-4 
151. 5 
156.9 
16X.9 
i8i.3 
196.9 
209.1 
219.4 
228-4 
2 3 r. 1 
243.6 
250.2 

256.3 

261 

267,2 

272.2 

276.9 

281.4 
285.8 
290.0 

4,0 
297.9 
301.6 
305.2 

308.7 

ii;-.M 

315.2 
318.4 

324-4 
330.0 

335-4 

34°- 5 
145-4 

350-1 
354.6 

365-1 

374-7 
383.6 

391.9 

399.6 

406.9 

4x4.3 

421.4 

444-3 



tion, or 

latent 

heat in 

heat units 

[1 43.0 
1026. 1 
KOI 

IOO; - 

1000.8 

995.2 

900.5 

986.2 

982.5 
979.O 
965.1 
954.6 
946.0 

938.9 
932.6 
927.0 
922.0 

9«7-4 
913.1 
909.3 

905.5 
902. 1 
898.8 
895.6 

892.5 
889-6 
886.7 
884.0 
881.3 
878.8 

876.3 
874.0 

871.7 

869.4 
865.1 
86X.2 

857-4 
853.8 

850.3 

847-0 

843.8 

836.3 

829.5 
823.2 

817.4 
8x1.9 
806.8 
801.5 
796.3 
779-9 



Density 
or weight 
of cubic it. 
in pounds. 



Volume 
of one 

pound in 
cubic 

feet. 



Factor of Total 
equivalent pressure 
evaporation above 



at 212 



0.00299 

0.00576 

0.00844 

0.01107 

0.01366 

0.01622 

0.01874 

0.02125 

0.02374 

0.02621 

0.03826 

0.05 

0.00x9 I 

0.07360 

0.08508 

0.09644 

o. 1077 

0.1188 

o. 1299 

o. 1400 

0.1519 

o. 1628 

o. 1 736 

0.1843 
0.1951 

0.2058 
0.21*5 
0.2271 

0.237S 

0.2484 
0-2589 
0.2695 
0.2800 
0-2904 

0.31 1 , 
0.3321 
0.3530 

0.3737 
0.3945 

o-4«53 
0.4359 

O.4876 

0-5393 

°-59 l 3 
0.644 

0.696 

0.748 
0.800 
0.853 

1.065 



334-5 
173.6 

118.5 
90-33 

73- 21 
61.65 

53-39 

4 7-"'.. 
42.12 

38. 1 5 
26.14 
19.91 
16.13 

»3-59 

11.75 
10.37 

9.285 

8.418 

7.698 

7.097 

6.583 
6.1 

?-76o 
5.426 

5,xa6 

4.859 

4-' ' I 
4.403 
4.205 
4.026 
3.862 
3.711 

3-57' 

3-444 

3.212 
3.011 

2.833 

2.676 

2.535 

2.408 

2. 

2.051 

1.854 

1.' 

"•553 

1-437 

1-337 
1.25a 

1. 172 



.9661 

-9738 
.9786 
.9822 
.9852 

.9876 

.9897 
.9916 

•0934 

•9949 
1.0003 

1.0051 

1 -0099 

1. 0129 

l.OI 

1.0182 

1.0205 
1 -0225 
1.0245 
1.0263 
1.0280 
1.0293 
1.0309 
;2i 
1.0 } 
1.0 

1.0362 
1.0374 
1.0383 
1 .0396 
1.0406 
1 .04 1 ' ■ 
r.04 

1.045 

1.04- 1 
1.0480 

1.0 

53 s 

1.0545 

1.0576 
1.0605 
1.0632 
1.0657 
1.0680 

1.0724 

'■■ 

1 .■ •'-> 1 a 



vacuum. 



1 
2 

i 

4 

5 
6 

9 
10 

*5 
20 

25 
30 
35 
40 

45 

50 

55 
60 

65 

70 

75 
80 

Bs 

90 

95 
100 

105 

1 10 

115 

X20 
I25 
130 
140 
150 
l6o 
I7O 
180 
190 
200 

"5 

250 

2 75 
300 

350 

375 
400 

500 



The gauge pressure is about 15 pounds (14.7) less than the total pressure, so 
that in using this table, 15 must be added to the pressure as given by the steam 
gauge. The column of Temperatures gives the thermometric temperature of 
steam and the boiling point at each pressure. The "factor of equivalent evapo- 
ration M shows the proportionate cost in heat or fuel of producing steam at the 
given pressure as compared with atmospheric pressure. 

To ascertain the equivalent evaporation at any pressure, multiply the given 
evaporation by the factor of its pressure, and divide 
the product by the factor of the desired pressure. 

Each degree of difference in temperature of feed- 
water makes a difference of .00104 < n 
the amount of evaporation. Hence, 
to ascertain the equivalent evapora- 
tion from any other temperature of 
feed than 212 , add to the factor 
given as many times .00104 as the 
temperature of feed-water is degrees 
below 212°. For other pressures than 
those given in the table, it will be prac- 
tically correct to take the proportion of 
the difference between the nearest 
pressures given in the table. 
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Boiler House and Chimney for Babcock II Wilcox Boiler with Economizer, Etc. 
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WATER AT DIFFERENT TEMPERATURES. 

There are four notable temperatures for pure 
water, viz. : 

F 



;-■ 



i. Freezing point at sea level. 

2. Point of maximum density, 

3. British standard for specihe gravity, F 



4. Boiling point at sea level. 



«° F. 



\ 3 n \o & Wc !f ht Pcrcub.ft. 62.4.8 lb.; per cub. in., ,o 3 6m lb. 



39- i° F. 
F. 
F. 



aia' 



«• 



62.425 
6a. 3 | 5 - 
-60 



ti 



>« 



.036125 
.03608 " 



A United States Standard gallon holds 231 
cubic inches and 8^' lb. water at 62 s F. 

A British Imperial gallon holds 277.274 , ubic 
inches and 10 lb. water at 62 F. 

Sea water (average) has a specific gravity of 
1. 028, boils at 213.2 F., and weighs 64 lb. per 
cubic foot at 62 F. 

A pressure of 1 lb. per sq. in, is exerted by a col- 
umn of water 2.3093 ft., or 27.7 1 in. high, at 62 F. 
In solvent power water has a greater range 
than any other liquid. For common salt this' is 
nearly constant at all temperatures, while it in- 
creases with increase of temperature for others, 
magnesium and sodium sulphates, lor instance, 
Where water contains carbonic acid it dissolves 
some minerals quite readily, but a boiling tem- 
perature causes the disengagement of the car- 
bonic acid in gaseous form and the deposition of 
a large part of the minerals thus held in solution. 
Lime salts are more soluble in cold than in hot 
water, and most of them are deposited at 320 , 
or less. When frozen into ice, or evaporated 
into steam, water parts with nearly all substam es 
held in solution. 

TABLE OF SOLUBILITIES OF SCALE-MAKING MINERALS. 



Soluble : S _ ol _ ubl . e So; 



SUBSTANCE. of pure 



r.f nnr« caroon-i , »*~ ble m 



ic ac 



'II- r 

id of P urc 
water 



Carbonate of Lime . . 
Sulphate of Lime . . 
Carbonate of Magnesia 

Phosphate of Lime . 
Oxide of Iron . . . . 
Silica 



water 
at 



F. 




Water has a greater specific heat, or heat- 
absorbing capacity, than any other known sub- 
stance (bromine and hydrogen excepted), and is 
the unit of comparison employed for all meas- 
urements of the capacities for heat of all sub- 
Stances whatever. The specific heat of water is 
not constant, but rises in an increasing ratio with 
the temperature, so that it requires slightly more 
heat, the higher the temperature, to raise a given 
quantity of water from one temperature to 
another. The specific heat of ice and steam are. 
respectively. .504 and .475, or practically about 
half that of water. 



A British Thermal Unit (or heat unit; is that 
quantity of heat which will raise one pound of 
water at or about freezing point, 1 ' F. A 
French " Calorie " is the heat required to raise 
one kilogramme of water i c C. and is equal to 
3.96832 British thermal units. 

The following table gives the number of British 
thermal units in a pound of water at different tem- 
peratures. They are reckoned above 32" F.. 
for, strictly speaking, water does not exist below 
32°, and ice follows another law. 

WATER BETWEEN 32° AND 212' F, 



Temper- 
ature 
Fahr. 



Hc.it 
Units 
per lb. 



32* 


- 




3.02 


40 


1 


45 


1 


SO 


r8.ie 


5' 


20. 1 1 


54 


2% 11 




24 it 






60 


■ ■ 


' • 


12 


'4 


1 




i " 




1 - 




M 




4. ■. ! t 


74 


|!l 




44 " 




n 1 


8.. 


- 


82 




84 




86 


; 4 


88 




90 


04 




60.03 


•i 




1 4 1 


98 


JO ' • 1 


1 -> 


1 1 " -OO 


toti 74.1 


108 76. 


1 to 7$ 


112 


113 8i.<»i 


M 4 82 


11: 02 


Ell 84 


117 85 


118 86.05 


87 


88 


121 07 


122 90.08 


1 .■ ■ 1 OQ 


I24 92.IO 


to 


14 1 1 


127 95-» 


128 13 


129 14 


1 30 14 


., 1: 


1 12 100.16 


*33 


»7 


" H 


18 




103.18 


136 1 4 


137 1 ;.2o 


138 


21 


x 39 


107.22 


I40 IOS 22 


141 109.23 


142 HO. 4 


143 ««' 


U4 


112.26 



Weight, 1 empcr 
lb. per ature 

- ub. it. Fahr, 



.4a 
42 

4-? 

4 I 

6a. 1 

02.4" 

37 

» 
ji 

62, 

I . 

'7 
1 
62.13 

I I 
62.09 
62.07 
' 

62.00 

' I. ,- 

' '05 

3 4 
i 1. 81 
I I 
I 1.80 

' ' 78 

77 

' i-75 

' ■ "4 

6 1 . 70 

' 1 68 
I 1.67 
61 

I 1 
I U 1 

61,58 

'i ..' 

54 
6i 

61.51 

61.49 

*7 
61.45 

43 

61.4! 

61.39 

*7 
61. I 

I 1.34 
61.32 

61.30 



>i 
r 4 6 

U7 
148 

149 

'5« 
'5* 
'53 
'54 

'57 
158 

I I 

|( 1 
162 

-4 

'71 
172 

173 

"74 
176 

«7« 

179 
180 

182 
183 
184 
,85 
1 86 
'87 

1 B8 
189 
190 
191 

1 \4 

196 

"97 
198 

200 

201 
aoa 

203 
204 
205 
206 
207 
208 
209 
210 

2TI 
212 



Heat Weight, 
Units lb. per 
per lb. cub. It. 



1 1 1.26 
114.27 

.28 
1 1 ''.29 
1 1 7. 30 
1 18.30 
■ 19.31 

32 

E21 

122-34 

I 34 
124-35 

. 16.37 

»-- 
128.38 

I 

13' 
131.4! 

' ;-■ 4-' 

4-2 

' I I 

1J5 44 
45 

I - 46 

l 46 

■ -47 
140.48 

UI-49 
142.50 

'4 

'44 5' 
•45. 52 
I46.5.I 

54 

148.54 

- »■- 

151 

'53o8 
■ ; » 

155-60 
156.61 

'57 
158 

>SQ 
160.63 

161 ' 4 

162.65 

163.66 

164.66 

165 

166.68 

167.69 

168. " 

169 

170.71 

171.72 

"73-74 

174.74 

»7v" 
176.76 

177.77 
178.78 
179.78 
180.79 



61.28 

61.26 

61.24 

61.22 

61.20 

61.18 

61.16 

61.14 

61.12 

61.10 

61.08 

61.06 

61.04 

61.02 

' i. 00 

60.98 

60. Q.; 
60.92 
60.90 
60.87 
85 
60.8 j 
60 I 
60.79 

77 
60.75 

60.73 

60.70 

60.68 

60.66 

60.64 

60.62 

60.59 

fiu.57 
60.55 
60, 

5o 
60.48 

60.4'. 

60.44 

60.4 1 

60.39 

60. 7 

60.34 

60.32 

60.29 

60.27 

60.25 

60.22 

60.20 

17 
60.15 

60.12 

60.10 

60.07 

60.05 

60.02 

60.00 

59-07 
59-95 
59-92 
59.89 
>7 
59.84 
59.82 

76 
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Steam at 95 lbs. pressure 
Superheated 9 degrees* 



PRIMING OR WET STEAM. 
A fault, frequently met with in steam boilers is 
the carrying over of water mechanically mixed 
with the steam, which water not only carries away 

heat without any useful 
effect, but, when present 
in any marked quantity 
itself becomes a source of 
danger and of serious loss 
in the engine. This is a 
point frequently forgotten 
in designing boilers, par- 
ticularly sectional boilers. 
If steam rises from a sur- 
face of water faster than 
about 2 ft. 6 ins. to 3 ft. per 
second, it carries water 
with it in the form of spray, 
and when a fine spray \> 
once formed in steam it 
does not readily settle 
against a rising current of 
very low velocity, as a cur- 
rent of 1 ft. per second will 
carry with it a globule of 
water -j^V^ of an inchindia. 
The common method of determining the per- 
centage of moisture 
in steam is described 
in the report of the test 
of Babcock & Wilcox 
boilers at the Raritan 
Woolen Mill, on a 

subsequent page. If experiments of tins kind 
are not made with great care by experienced 

hands, and with instru- 
ments of the utmost ac- 
curacy, they are liable to 
such errors as will render 
them worthless. Fuller 
directions for this pur- 
pose, together with a 
statement of the difficul- 
ties in securing accuracy 
in such tests, will be found 
in the report of the Com. 
on Boiler Tests, in Vol. 
VI, of the Transaction^ 
of the Amer. Society of 
Mechanical Engineers. 

Another method, by 
finding the heat required 
to evaporate the en- 
trained water, has been 
invented, and used with 
excellent results, 1 
Geo. H. Rarrus, M. E 





Steam at 55 lbs. pressure, with 
1 1.94- per cent, moisture. 



Prof. J. E. Denton has demonstrated that 
jets of steam escaping from an orifice in a boiler 
or steam reservoir show unmistakable change of 
appearance to the eye when the steam varies 
less than one per cent, 
from the condition of sat- 
uration either in the direc- 
tion of wetness or super- 
heating. Consequently if 
a jet of steam flow from a 
boiler into the atmosphere 
under circumstances such 
that very little loss of heat 
occurs through radiation, 
etc., and the jet be trans- 
parent close to the orifice, 
or be even a grayish white 
color, the steam may be 
assumed to be so nearly 
dry that no portable con- 
densing calorimeter will be 
capable of measuring the 
amount of water therein. 
If the jet be strongly white, 

the amount of water may Steam at 55 lbs, pressure with 
be roughly judged up to 1-4 per cent, moisture. 

about 2 per cent, but beyond this a calorimeter 

only can determine 
the exact amount of 
moisture. The cuts 
on this page were 
made direct by pho- 
Dry Steam at 95 lbs. pressure. tography from jets un- 

der conditions stated, and show very clearly the 

effect of dryness and slight moisture on such jets. 

With a little experience 

any one may determine by 

this method the conditions 

of steam within the above 

limits. A common brass 

pet cock ma}- be used as 

an orifice, but it should, 

if possible, be set into the 

steam drum of the boiler 

and never be placed fur- 
ther away from the latter 

than four feet, and then 

only when the intermedi- 
ate reservoir or pipe is well 

covered, for a very short 

travel of dry steam through 

a naked pipe, will cause 

it to become perceptibly 

moist. Steam containing 

not more than 3 per cent. 

moisture may be termed Steam at 55 lbs. pressure. 

commercially ' ' dry/ ' Boiler Foaming Violently 
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Many boilers show a high apparent evapora- 
tion in consequence ot furnishing "wet steam," 
while practically they are anything but economi- 
cal. Parties have been known to claim an evap- 
oration of 19 to 20 pounds per pound of coal, 
where the highest practically possible is not over 
13. Such boilers are dear at any price. 

The cause of priming may be either impure 
water, too much water, or improper proportions 
in the boiler. When a boiler is found to form 
wet steam with good water, carried at a proper 
height, it is a proof of wrong design. 

The amount of priming in different boilers 
varies greatly, and as yet there is not sufficient 
data to establish any definite ratio for boilers in 
ordinary use. The experiments of M. Him, at 
Mulhouse, showed an average of at hast 5 per 
cent. ; Zeuner sets it down as approximately 
from J)4 to 15 per cent.; the careful experiments 
at the American Institute in 187 1 show in cylin- 
drical tubulars 7.9 per cent., and in the tests at 
die Centennial Exposition one boiler showed as 
high as 18,57 per cent, priming. 

In sixteen different tests of the dryness of the 
steam from Babcock & Wilcox boilers made b\ 
twelve different engineers, the average moisture 
in the steam was only 1 . 1 16 per cent. The high- 
est was 4.16 percent., which was less than the 
same engineer with the same apparatus found in 
large two-flue boilers, working very lightly. 



SUPERHEATED STEAM. 

Steam which has a higher temperature than 
that normal to its pressure, is termed 4t super- 
heated M or "gaseous." Dr. Seimens found that 
when steam at 21 2 was heated separate from 
water it increased rapidly in volume up to 230 , 
after which it expanded uniformly as a permanent 
gas. If this superheating could be carried to such 
an extent as to avoid the " initial condensation' 
within the cylinder of an engine, there would be 
a marked economy in its use, but this involves 
high a temperature as to burn the lubricating 
material and destroy the engine in a short time. 
Dixwell found superheating so as to maintain in 
the cylinder a temperature of 400 with steam 
at a pressure of 70 lbs., to be the limit of possible 
lubrication. With a higher pressure that degree 
of superheating would not afford sufficient 
additional heat for the purpose. The present 
tendency to high pressures seems, therefore, to 
preclude the possibility of much gain through 
superheating, because the temperatures are 
already carried to very nearly the limit at which 
lubrication can be maintained. For other pur- 
poses the use of superheated steam adds little it 
anything to the economy, while it greatly increases 



the cost and the wear and tear. Where super- 
heating is required it should always be done by a 
separate apparatus, and pains must be taken to 
separate the entrained water from the steam 
before it enters the superheater. The use in any 
steam boiler of superheating surface exposed to 
the gases of combustion, is highly objectionable 
and is of doubtful efficiency. Attempts to super- 
heat steam by means of the waste gases, are 
usually failures because in a well proportioned 
boiler the low temperature of such gases necessi- 
tates an unreasonably large surface to produce 
the desired effect. Steam cannot be superheated 
when it is in contact with water. 



FEEDING BOILERS. 

The relative value of injectors, direct-acting 
steam pumps, and pumps driven from the engine, 
is a question of importance to all steam users. 
The following table has been calculated by D, S, 
jacobus, M. E., from data obtained by experi- 
ment. It will be noticed that when feeding cold 
water direct to boilers, the injector has a slight 
economy, but when feeding through a heater a 
pump is much the most economical. 



M«l1 1 "i Supplying Pe«d Mfotar 

to IMIrr. 

Trn,| -riliirr o{ frv\ water AS litrtiv- 
1 tO Itir pump Or I" tli" InJci fc r. 1 

i- ih. !<«(»- ol • vi|»ir ii Ion "-I boiler, 10 
poundl of wftl*r per pound of c«»al from 
aimI at tlf< 1 ah. 


Relative amount of 
coal required ) er 
unit of iim#-. the 

Aioount for a dir. - t 

tctfag pQOnp, feed- 
ing water at 60*| 
h ithouta healer, 

Mng taken as unity. 


Saving of fuel 

Over tde 
niii'Hiiit re- 
quired when the 
boiler is fed by 
a direct 

a. -tine pump 

without hesUr 


Direct acting pump, feeding 
water at 6o°, without a 




I. coo 


.0 


injector feeding water at 150°, 
without a heater 




.985 


1.5 per ct. 


Injector feeding through a 
heater in which the water is 
liea led from 15010200° 




•938 


6.2 '■ 


Direct acting pump feeding 
water through a heater, in 
which it is healed from 60 




.879 


12. 1 '* 


Geared pump, run from the 
the engine, feeling water 

through a heater, in which 
it i^ heated fr<>m 60 to 200°.. 




.868 


,3.2 - 



ECONOMY OF HIGH PRESSURE STEAM. 

Higher steam pressure is the tendency of the 
times, and with good reason, for the higher the 
pressure the greater the opportunity for economy 
in generating power. The compound and triple 
expansion engines of the present day, which have 
reduced die cost of power some 40 per cent, over 
the best performance of a few years ago, require 
higher pressure than can with safety be carried 
on shell boilers, but there is no difficulty in 
carrying any desirable pressure on a sectional 
water-tube boiler properly constructed. Babcock 
& Wilcox boilers in special cases, carry as high 
as 500 lbs. pressure in regular work. 
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HEATING FEED- WATER. 
The feed-water furnished to steam boilers has 
to be heated from the normal temperature to 
that of the steam before evaporation can com- 
mence, and this generally at the expense of the 
fuel which should be utilized in making steam. 
This temperature at 75 lb. pressure is 320° \ and 
if we take 6o° as the average temperature of feed, 
we have 260 units of heat per pound, which, as 
it takes 1,151 units to evaporate a pound from 
6o°, represents 22.5 per cent, 
of the fuel. All of this heat, 
therefore, which can be im- 
parted to the feed-water is 
just so much saved, not only 




,-;:':^ 



water by injectors and " live-steam heaters " 
comes from the fuel and represents no saving. 
There are two sources of waste heat available 
for this purpose — exhaust steam and chimney 
gases. By the former, water may be heated t.o 
2oo : , or possibly to 210 , in a well-proportioned 
heater. 

The gases going to the chimney carry off on 
an average, according to good authority, 5 1 per 
cent, of the fuel, and in the most economical 
boiler this cannot be reduced below 12 per cent. 
Some proportion of this is always available for 
heating the feed-water, by what are known as 
'•economizers." and frequently it maybe carried 
nearly to the temperature of high pressure 
steam, making a saving in some in- 
stances of 20 per cent. The more 
wasteful the boiler, the 
greater the benefit 
of the economizer; 




in cost of fuel, but in capacity of 

boiler. But it is essential that it 

be done by heat which would L 

otherwise be wasted. All heat imparted to feed- 



Babcock L Wilcox Boilers at Solvay Process Co.'s, 

3,264 H. P , set with Independent Feed-Water Heaters. 

9,052 H. P. now in use. 

but for large plants it is always a valu- 
able adjunct. In many cases water 
heated by exhaust steam may be still 
further heated in an economizer to advantage. 



SAVING OF FUEL BY HEATING FEED-WATER. 'IN PER CENT., STEAM AT SIXTY POUNDS.' 



Initial 
Tern, of 


FINAL TEMPERATURE OF FEED-WATER. 


Initial 
Tern, of 

Water. 


FINAL TEMPERATURE OF FEED-WATER. 


Water. 


X20 


140 


160 


180 


200 


250 


300 


120 14O 


160 


180 


200 


250 


300 


3*° 

35 

40 

45 
50 

U 

65 

e 

85 


7.50 

7.25 

6.85 

6-45 
6.O5 

5.64 

5-«3 

4.82 

4.40 
3.98 

355 
3.12 


Q.20 
8.96 

8.57 
8.17 

7- 71 

6.97 

6.15 

5-74 

5.3* 

4.QO 


10.90 
10.66 
10.28 
O.90 
9.50 
9.06 
8.72 

8-3* 

7.91 

7.50 
7.09 
6.63 


12.36 

12.09 

12.00 

11. 61 

11.23 

10.85 

10.46 

10 07 

9.68 

9.28 

8.87 

8.46 


14.30 

14.09 
13.71 

I ;-34 
13.00 
60 
12.20 
11. 82 
11.43 
11.04 
10.65 
10.25 


10.03 
18- m 
17.99 
17.64 
1 -.28 
16.93 

16.58 
16.20 

15.83 

15.46 
15.08 

14.70 


22.00 
22.60 
22.27 
21.04 
21.61 
21.27 

20.Q2 

20.58 

2o 

19.88 

I9.52 

IQ.I7 


90* 

95 
100 

no 

120 

130 

140 

»SO 

160 

170 
180 
200 


2.68 

2.24 
1.80. 

.OO 
O 


4-47 

4.O4 

6l 

2-73 

1.84 

•02 

O 


6.26 

5.84 
5-42 

4-55 
J.67 

2-77 
I.87 

•94 



8.06 

7.65 

7-*3 
6.38 

552 

4.64 

3 'Z 5 
2.83 

1. 91 

.96 




9.85 

9.44 
9.03 

8.20 

7.36 
6.99 

5.62 

4 72 

3.82 

2.89 

1.96 




14.32 

3 3.94 

■3-55 

12.76 

11.95 
n. 14 
IO.31 
9-46 
8.59 
7.71 
6.81 

4-85 


18.81 

18.44 
18.07 

17.28 

16.49 

15.94 

1409 

14-18 

*3 37 

12.54 

11.70 

9-93 
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INCRUSTATION AND SCALE. 

Nearly all waters contain foreign substances in 
greater or less degree, and though this may be a 
small amount in each gallon, it becomes of im- 
portance where large quantities are evaporated. 
For instance, a ioo H. P. boiler evaporates 30,- 
000 lbs. water in ten hours, or 390 ions per 
month ; in the comparatively pure Croton water 
there would be 88 lbs. of solid matter in that 
quantity, and in many kinds of spring water as 
much as 2,000 lbs. 

The nature and hardness of the scale formed 
of this matter will depend upon the kind of sub- 
stances held in solution and suspension. Analy- 
ses of a great variety of incrustations show that 
carbonate and sulphate of lime form the larger 
part of all ordinary scale, that from carbonate 
being soft and granular, and that from sulphate 
hard and crystalline. Organic substances in con- 
nection with carbonate of lime, will also make a 
hard and troublesome scale. 

The presence of scale or sediment in a boiler 
results in loss of fuel, burning and cracking of 
the boiler, predisposes to explosion, and leads to 
extensive repairs. It is estimated that the pres- 
ence of T l j inch of scale causes a loss of 13 per 
cent, of fuel, \ inch 38 percent., and \ inch 60 
per cent. The Railway Master Mechanics' Asso- 
ciation of the U. S. estimates that the loss of fuel, 
extra repairs, etc., due to incrustation, amount 
to an average of $750 per annum for even- loco- 
motive in the Middle and Western States, and it 
must be nearly the same for the same power in 
stationary boilers. 

The most common and important minerals in 
boiler scale are carbonate of lime, sulphate of 
lime, and carbonate of magnesia. Small amounts 
of alumina and silica are sometimes found, and an 
oxide of iron not infrequently is present as a col- 
oring matter. 

Means of Prevention. 

It is absolutely essential to the successful use 
of any boiler, except in pure water, that it be ac- 
cessible for the removal of scale, for though a 
rapid circulation of water will delay the deposit, 
and certain chemicals will change its character, 
yet the most certain cure is periodical inspection 
and mechanical cleaning. This may, however, 
be rendered less frequently necessary, and the 
use of very bad water more practical by the em- 
ployment of some prevents es. The following are 
a fair sample of those in use, with their results : 

M. Bidard's observations show that "anti- 
incrustators " containing organic matter help 
rather than hinder incrustations, and are there- 
fore to be avoided. 



Oak, hemlock, and other barks and woods, 
sumac, catechu, logwood, etc., are effective in 
waters containing carbonates of lime or magne- 
sia, by reason of their tannic acid, but are injuri- 
ous to the iron, and not to be recommended. 

Molasses, cane juice, vinegar, fruits, distillery 
si' etc., have been used with success so far as 
scale is concerned, by reason of the acetic acid 
which they contain, but this is even more injuri- 
ous to the iron than tannic acid, while the organic 
matter forms a scale with sulphate of lime when 
it is present. 

Milk of lime and metallic zinc have been used 
with success in waters charged with bicarbonate 
of lime, reducing the bicarbonate to the insoluble 
carbonate. 

Barium chloride and milk of lime are said to be 
used with good effect at Krupp's Works, in 
Prussia, for waters impregnated with gypsum. 

Soda ash and other alkalies are very useful in 
waters containing sulphate of lime, by converting 
it into a carbonate, and so forming a soft scale 
easily cleaned. But when used in excess they 
cause foaming, particularly where there is oil 
coming from the engine, with which they form 
soap. All soapy substances are objectionable 
for the same reason. 

Petroleum has been much used of late years. 
It acts best in waters in which sulphate of lime 
predominates. As crude petroleum, however, 
sometimes helps in forming a very injurious 
crust, the refined only should be used. 

Tannate of soda is a good preparation for gen- 
eral use, but in waters containing much sulphate, 
it should be supplemented by a portion of car- 
1 onate of soda or soda ash. 

A decoction from the leaves of the eucalyptus 
is found to work well in some waters, in Cali- 
fornia. 

For muddy water, particularly if it contain salts 
• if lime, no preventive of incrustation will prevail 
except filtration, and in almost every instance 
the use of a filter, either alone or in connection 
with some means of precipitating the solid matter 
from solution, will be found very desirable. 

In all cases where impure or hard waters are 
used, frequent "blowing" from the mud-drum 
is necessary to carry off the accumulated matter, 
which if allowed to remain would form scale. 

When boilers are coated with a hard scale diffi- 
cult to remove, it will be found that the addition 
of l l lb. caustic soda per horse-power, and steam- 
ing for some hours, according to the thickness of 
the scale, just before cleaning, will greatly facili- 
tate that operation, rendering the scale soft and 
loose. This should be done, if possible, when 
the boilers are not otherwise in use. 
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HEATING FROM CENTRAL STATIONS. 

It has been thoroughly demonstrated, by 
practice, that a number of buildings may be 
heated fromasinglecentr.il plant, instead of its 
being necessary to place a boiler in each. This 
is a simple problem where the buildings form a 

group, as at Columbia College, in New York 
city, Cornell University, Ithaca, X. Y., Vander- 
bilt University, Nashville, Tenn., the Indiana 

State Asylums for the Insane, and many other 
similar institutions, where a single plant of 



thus supplied regularly with steam, at reduced 
cost to them, and at a profit to the producer. 
This company have, at present, three stations in 
operation, one of which is doubtless the largest 
single plant of stationary boilers in the world, 
— 12,000 H. P., under one roof, — supplying 
st<am through seventeen miles of pipe, laid 
in the streets. 

In a work of this magnitude it becomes abso- 
lutely imperative that the boilers which furnish 
the steam >1 1- *u 1 - 1 bo « if such a construction as to 



BOILERS OF THE NEW YORK STEAM CO 
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Side Elevation showing section through boiler and Hup. 



Babcock & Wilcox Boilers supply heat and power 
to a number of detached buildings. It has al 
been attempted in a number of places to carry 
steam, as gas and water are supplied. Though 
a number of these attempts have been failures, 
the experience of the New York Steam Co., the 
most extensive of such plants yet constructed, 
has fully demonstrated that it is pi issible to thus 
carry steam for miles, with no serious losses, and 
that private houses and business pla< es may be 



give the greatest amount oi useful effect for the 
coal burnt, and at the same time be able to run 
continuously, with a minimum amount of stop- 
page for repairs ; and, above all, they should be 
so constructed as to be safe against destructive 
explosion. The ability to furnish dry steam is 
also a very important point, where it is intended 
to carry it through so many miles of pipe before 
it is finally used up. The boiler adopted was the 
Babcock & Wilcox Water-tube Boiler. 
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HEATING BY STEAM 

In heating buildings by steam, the amoui.: of 
boiler and heating pipe depends largely on the 
kind of building and its location. Wooden build- 
ings require more than stone, and stone more 
than brick. Iron fronts require still more, ai 
glass in windows demands twenty times as much 
heat as the same surface in brick walls. Also if 
the heating be done by indirect radiation from 50 
to too per cent, more surface will be required 
than when direct radiation is used. No rules can 
be given which will not require a liberal applica- 
tion of " the coefficient of a immon sense. 

Radiating surface may be calculated by the 
rule: Add together the square feet of glass in 
the windows 1 the number of cubit feet of air 



tity of the air caused to pass through the coil in- 
creases. Thus one square foot radiating surface, 
with steam at 212°, has been found to heat 100 
cubic feet of air per hour from zero to 150 , or 
300 cubic feet from /en 1 to ioo° in the same time. 
The best results are attained by using indirect 
radiatii »n to supply the necessary ventilation, 
and direct radiation for the balance of the heat. 
The I »est place for a radiator in a room is beneath 
a wind- »w . Heated air cannot be made to enter 
a room unless means are provided for permitting 
an equal amount to escape. The best place tor 
such exit openings is near the floor. 

Small pipes are more effective than large. 
When the diameter is doubled, 20 percent, addi- 
tional surface should be allowed, and for three 




Northern Hospital for the Insane, transport, Ind., with 400 H. P. uf Babcuck 4 Wilcox Boilers. Erected 1885. 



required to he changed per minute, and 1 
twentieth the e of external waft and roof; 

multiply this sum by the diffi rence between / 
required temperatui / the room and that of 
the external air at its lowest point, and divide 
the product by the difference in temperatm 
between the steam in the pipes and the requin 
temperature of the room. The quotient is the 
required radiating surface in square feet. 1 ach 
square !«>< ,t of r. ;id iating surface may be < lepended 
upon in avera ;•• |>ra< dice to give out three heat 
units per hour for each degree of difference in 
temperature between the steam inside and the 
air outside, the range under different conditions 

being about 50 per cent, above or below that 

figure. In indirect heating, the efficiency of 
the radiating surface will increase, and the tern 

ratun of the air will diminish, when the quan- 



times the diameter, 30 per cent, additional is 
required. For indirect radiation that surface is 
most efficient which secures the most intimate 
1 1 "'i.i' t of the * urrent of air with the heated sur- 
face. Rooms on windward side ol house require 
more radiating surface than those on sheltered 
side, 

Where the condensed water is returned to the 
l»"il' r where low pressure of steam is used, 
the I tiameter of Mains leading from the boiler to 
the radiating surface should be equal, in inches, 

t< 1 one-tenth the square root of the radiating sur- 
face, mains included, in square feet. Thus a 
i-uh h pipe will supply 100 square feet of surface, 
itself included, Return pipes should be at least 
\ inches in diameter, and never less than one- 
ilf the diameter of the main — longer returns 
requiring larger pipe. A thorough drainage of 
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steam pipes will effectually prevent all cracking 
and pounding noises therein. 

The amount of air required for ventilation is 
from 4 to 16 cubic feet per minute for each per- 
son, the larger amount beingfor prisons and hos- 
pitals. From l 2 to 1 cubic foot per minute 
should be allowed for each lamp or gas burner 
empl 1. 

One square foot of Boiler Surface will supply 

from 7 to 10 square feet of radiating surfa< e, de- 
pending upon the size of boiler and the efficiency 
of its surface, as well as that of the radiating 

surface. Small boilers for house use should be 



by means of pipes placed overhead, is being 
largely adopted, and is recommended by the 
Boston Manufacturers' Mutual Fire Ins. Co. in 
preference to radiators near the floor, particular- 
ly for rooms in which there are shafting and 
belting to circulate the air. 

In heating buildings care should be taken to 
supply the necessary moisture to keep the air 

from becoming -Wr " and uncomfortable. The 
capacity of air for moisture rises rapidly as it is 
heated, it being four times as great at 72 as at 
32 . For comfort, air should be kept at about 
".so per cent, saturated." This Mould require 





Riveting Drum Heads at 
much larger proportionately than large plants. 
Ea< h Horse-power of Boiler will supply from 240 
to 360 feet of 1 -inch steam pipe, or So to 120 
square feet of radiating surface. 

Cubic feet of space has little t< 1 do \\ ith amount 
of steam or surface required, but is a convenient 
factor for rough calculations. Under ordinary 
conditions one horse-power will heat, approx- 
imately, in 

Brick dwellings, in blocks, as in cities ....cub.ir 

stores " " •■ 15,000 " '• 

dwellings exposed all round ,ooo " c " " 

mills, shops, lactones, etc, 00 " 10.000 " " 

Wooden dwellings, exposed, -. , ... ■• " 

Foundries and wooden shops. ..-■,.. 
Exhibition buildings, largely glass, etc. 4.000 " 15,000 
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The system ofheating mills and manufactories 



Babcoclt &. Wilcox Shop. 

one pound of vapor to Ik: added to each 2500 
cubic feet heated from 32 to 70° 

A much needed attachment has r •*■ ently been 
introduced, which arts automatically upon the 
steam valves of the radiators, or upon the hotair 
registers and ventilati >rs, and maintains the tem- 
perature in a room to within one-half a degree 
of any standard desire. 

A "separator" acting by centrifugal force has 
been recently tested, and is very efficient, in 
trapping out all the water entrained in steam. 
It will be found valuable, particularly where the 
steam has to be carried a long distance from the 
boiler, and for the purpose of preventing "ham- 
mering" of water in the pipes 
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HEATING LIQUIDS AND BOILING BY STEAM. 

Efficiency of surface, where all the air is 

expelled. For vertical surface, each square 

will transmit 250 heat units per hour, for 

tch degree of difference in the temperature 

of the two sides. For horizontal and inclined 

surfa< 1 1 ach square foot will transmit 330 heat 

units per hour for each degree of difference in 

temperature between the two sides. 

(3). Steam required. Each 966 heat units 
will require the condensation of one pound «.f 
steam at 212°. or 1,000 units ,,t 75 lbs. pressure. 







416 H. P. Babcock & Wilcox Boileri in Ponce de Uon Hotel, St. Augustine, Fla- 



The philosophy of drying or evaporating moist- 
ure by heati d air rests upon the Ia< t that the ca- 
pacity of air for moisture is rapidly increased by 
rise in temperature. Ifairat52°is heated 1072°, 
its capacity for moisture is doubled, and is four 
times what it was at 32°. The following table 
gives the weight of a saturated mixture of air and 
aqueous vapor at different temperatures up to 
160 — the practical limit of heating air by steam, 
t- >gether with the weight of vapor, in pounds and 
percentage, and total beat, the portion contained 
in the vapor and the quantity of air required 

per pound of water. 

By the inspe< tion 
of this table it will be 

n why it is more 
e< onomical to dry at 
the higher tempera- 
tui The atmos- 

phere is seldom satu- 
rated with moisture, 
and in practice it will 
be found generally 
neces sary t< 1 heat the 
air about 30 above 
the temperature of 
saturation. The best 
effe< t is produced 
where there is artifi- 
cial ventilation, by 
fan or by chimney, 
and the course of the 
heated air is from 
above downwards. 



: > , und of steam condensed will evaporate 
le pound of water (nearly) from the tempera- 
ture evaporation. Each horse-power of boil- 
er will heat 30,000 lbs. water i° per hour, or 
aporate $0 lbs. water in the same time. 



SATURATED MIXTURES OF AIR AND AQUEOUS VAPOR. 



DRYING BY STEAM 
There are three modes of drying by steam. 

1st. By brin wet substances in direct con- 
tact with steam-heated surfaces, as by passing 
cloth or paper over steam-heated cylinders, or 
clamping- veneers between steam-heated plat. 
2d. By radiated heat from steam pipes, as in 
>me lumber kilns, and laundry drying rooms. 
3d. By causing steam-heated air to pass over 

wet surfaces, as in glue works, etc. 

The second is rarely used except in combina- 
tion with the third. The first is the most eco- 
nomical, the second less so, and the third least. 
Under favorable circumstances, it may be esti- 
mated that one horse-power of steam will evap- 

ate 24 pounds water by the first method, 20 by 
th< ond and 15 l>\ the third. 
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FLOW OF STEAM THROUGH PIPES. 
The approximate weight of any fluid which 
will flow in one minute through any given pipe 
With a given head or pressure may be found by 
the following formula : 



//' 



in which //' weight in pounds avoirdupois, 
d = diameter in inches, D - density or weight 
per cubic foot ; p x the initial pressure,'/.., pressure 
at end of pipe, and L = the length in feet. 

The following table gives, approximately, the 
weight of steam per minute which will flow from 
various initial pressures, with one pound loss of 
pressure through straight smooth pipes, each 
having a length of 240 times its own diameter. 

For sizes of pipe below 6-inch, the flow is cal- 
culated from the actual areas of "standard" 
pipe of such nominal diameters. 



The resistance at an elbow is equal to % that 
of a globe valve. These equivalents— for open- 
ing, for elbows, and for valves,— must be added 
in each instance to the actual length of pipe. 
Thus a 4-in. pipe, 120 diameters (40 feet) long, 
with a globe valve and three elbows, would be 
equivalent to 120 -f 60 -f- 60 -*- ( 3 x 40) = 360 
diameters long ; and 360 *- 240 = \}/ z . It would 
therefore have 1% lbs. loss of pressure at the 
flow given in the table, or deliver (r -~ , i% 
= .8161, Si. 6 per cent, of the steam with the same 
( 1 lb.) loss ..1 pressur 



FLOW OF STEAM FROM A GIVEN ORIFICE. 

Steam of any pressure flowing through an 
opening into any other pressure, less than three- 
fifths of the initial, has practically a constant 
velocity, 8S8 feet per second, or a little over ten 
miles per minute ; hence the amount discharged 
in pounds is proportionate to the weight or dens- 
ity of the steam. To ascertain the pounds, 



TABLE OF FLOW OF STEAM THROUGH PIPES. 
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Weight <»f Steam per minute in pounds, with one pound loss <>i pressure. 



18 



1 

10 

20 

30 

40 

50 

60 

70 

80 

90 

I0O 

120 

150 



1. 16 

1-44 

1.70 

1. 91 

2. IO 
2.27 

2 -43 

2.71 
2.83 
2-95 

( : 



2.07 

2 57 

3 02 

3.40 

3-74 

4 4 

4-3* 
4.58 
482 
5.04 

5.2S 
6. 14 



5.7 

7-< 

8-3 

9-4 
10.3 

i 1 3 

I I I 

12.6 

"3-3 

1 I 

M 5 

15-5 
17.0 



10.27 
12,72 

M M 

84 

18. 5 r 
20. of 
21.38 
22 
23.82 

4 92 
25 
27-85 



r S • 45 

19.15 

M I - 

2535 
27.87 
30.13 

34.IO 

35.87 
37-52 

°7 
4» 93 
45-72 



^S.38 
31.45 

3 f> '4 

41.63 

45-77 

49- 48 

52.87 

56.00 

58,91 

61.62 

' I 

68.87 

75.09 



46-85 

58.05 
68.20 

76.84 

84 -49 

9' 14 
.60 

io 3-37 

I( ^-74 

•74 

118.47 

127. 12 

I38 .' I 



7- 

>5 8 

1 r 2.6 
I ^6.9 

'39-5 
150. 6 
161 . 1 

170.7 

'•5 
187.8 

i .5-6 

228.8 



"5-9 

'4 

1M.7 

1 
20, 

..1 \ 
s.8 
(.0 

281 4 

,.1 
3'4i 

i 



For horse-power, multiply the figures in the 
tble by 2. For any other loss of pressure, mul- 
tiply by the square root of the given l<^s. For 
any other length of pipe, divide j/o by the given 
length expressed in diameters, and multiply the 
A- 1 in the table by the square root of this 
quotient, which will give the flow for 1 lb. lossof 
pressure. Conversely dividing the given length 
by 240 will give the loss of pressure for the flow 
given in the t.tU j. 

The l< 1 head due to getting up the velocity. 

t< > the friction of the steam entering the pipe, and 
ing elbows and valves, will reduce the flow 
given in the tables. The resistance at the open- 
ing. .iikI that at a globe valve, are each about the 
is that for a length of pipe equal to 114 
cfiairj 3 divided by a number represented by 
I : (3-6 -r- diameter). For the sizes of pipes 
a in the table, these corresponding lengths are : 

HI ' I 'Ml a I »KI i I 4 I S I 6 I 8 I ,0 I , 2 j IS | ,8' 
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avoirdupois, discharged per minute, multiply 
the Area of opening in inches, by j?o lime* the 
a v ight per cubic fool of the steam. ( See p. 73 j 

Or the quantity discharged, per minute, may 
be approximately found by Rankine's formula: 
W— 6 ap-+- 7 in which W= weight in pounds, 
a =area, in square inches, and/ = absolute press- 
ure. The theoretical flow requires to be mul- 
tiplied by £ = 0.93, for a short pipe, or 0.63 for a 
thin opening, as in a plate, or a safety valve. 

Where the steam flows into a pressure more 
than -j the pressure in the boiler : 
W= 1.9 ak 1 (>-b)b; in which 8 = differ- 
ence in pressure between the two sides, in pounds 
per square inch, and a, p and k as above. 

To reduce to horse-power, multiply by 2. 

Where a given horse-power is required to flow 
through a given opening, to determine the nee- 
essary difference in pressure : 

b = * J~IL I R 777 " 

2 > 4 i 4 fl*i 
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EQUA TION OF PIPES. 

It is frequently desirable to know what num- 
ber of one-sized pipes will be equal in capacity 
to another given pipe for delivery of steam, air 
or water. At the same velocity of flow two 

pipes deliver as the squares of their internal 
diameters, but the same head will not produce 
the same velocity in pipes of different sizes or 
lengths, the difference being usually stated to 
vary as the square root of the fifth power of 
the diameter. The friction of a fluid within 
itself is very slight, and therefore the main 
resistance to flow is the friction upon the sides of 
the conduit. This extends to a limited distaiu 
and is. of course, greater in proportion to the 
contents of a small pipe than of a large. It may 
be approximated in a given pipe by a constant 
multiplied by the diameter, or the ratio of flow 
found by dividing some power of the diameter 
by the diameter increased by a constant. Cart- 
ful comparison of a large number of exper - 
ments, by different investigators, has developed 
the following as a close approximation to the 
relative flow in pipes of different sizes under 
similar conditions : 



The diameters of "standard' steam and gas 
pipe, however, van- from the nominal diameters, 
and in applying this rule it is necessary to take 
the true measurements, which are given in the 
following table : 

Table of Standard Sizes, Steam and Gas Pipes. 
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d+$£ y/d+$.6 

W being the weight of fluid delivered in a given 
time, and </ being the internal diameter in inches. 



The table below gives the number of pipes of 
one size required to equal in deliver)- other larger 
pipes of same length and under same conditions. 
The upper portion above the diagonal line of 
blanks pertains to " standard " steam and gas 
pipes, while the lower portion is for pipes of the 
actual internal diameters given. The figures 
given in the table opposite the intersection of any 
two sizes is the number of the smaller sized 
pipes required to equal one of the larger. Thus. 
it requires 29 standard 2-inch pipes to equal one 
standard 7-inch pipe. 



TABLE OF EQUATION OF PIPES. 

STANDARD STEAM AND GAS PIPES. 
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COVERING FOR BOILERS, STEAM PIPES, ETC 
The losses by radiation from unclothed pipes 

and vessels containing steam is considerable, and 
in the case of pipes leading to steam engines, is 
magnified by the action of the condensed water 
in the cylinder. It therefore is important that such 
pipes should be well protected. 

There is a wide difference in the value of differ- 
ent substances for protection from radiation, their 
value varying nearly in the inverse ratio of their 
ting power for he.it. up to their ability to 
transmit as much heat as the surface of the pipe 
will radiate, after which they become detrimental, 
rather than useful, as covering. This point is 
reached nearly at baked clay or brick. 

The following table of the relative value of 
various substances for protection against radia- 
tion has been compiled from a variety of sources, 
mainly the experiments of the Massachusetts 



ratio, for radiation, of 53 to 100 for cast iron. 
Mere color makes but little difference. 

Hair or wool felt, and most of the better non- 
conductors, have the disadvantage of becoming 
soon charred from the heat of steam at high 
pressure, and sometimes of taking fire therefrom. 

" Mineral wool/' a fibrous material made from 
blast furnace slag, is the best non-combustible 
covering, but is quite brittle, and liable to fall to 
powder where much jarring exists. 

Air space alone is one of the poorest of non- 
conductors, though the best owe their efficiency 
to the numerous minute air cells in their struct- 
ure. 11ns is best seen in the value of different 
forms of carbon, from cork charcoal to anthra- 
cite dust, the former being three times as valu- 
able for this purpose, though in chemical < insti- 
tution they are practically identical. 

Any suitable substance used to prevent the 



TABLE OF RELATIVE VALUE OF NON-CONDUCTING MATERIALS. 
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■I ...... 

I Lampblack . . , . 

Geese Feathers 

Felt, Hair or Wool . . . 

Carded Cotton 

Charo>ul from Cork 

Mineral Wool 

Fossil Meal .... 

itraw Rope, wound spirally 

* Rice Chart, loose . . - . 
tate Magnesia . . . 
- < ,i 1 from Wo »i 



Value- 



Si BS I VN 



i 

I. 
1. 

.68 to .ti} 
.66 ti 1 - 

1 > 



• Paper 

•Cork 

* Sawdust ...... 

Paste of Fossil Meal and 

Hair 

\\" h id tshes 

* Wood, across grain . . . 
[ am, dry and 1 >pen . 

« halk, ground .Spanish w hitc 

* ial Ashes 

Gas-house * arbon . . . 
Asbesti >s I'aper 



Value, 



tO .74 

-' 

I 1 to 

to .49 

W 
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S BS1 IXCE, 



Paste "i Fossil Meal and As- 
best- >s . . 

Asb fibrous 

Plaster of Tans, dry . . 
< "lay, w nil 1 egetable fibi 
Anthracite Coal, powdered 
m lumps . . . 

Air Space, undivided . . . 

Sand , 

ed ' lay, Brick , , , 

Glass 

Stone .... 



ue. 



• 47 
.36 
-34 
H 
•29 
.27 
14 tO. A3 

-17 
.07 
.05 

.02 



* Combustible, and sometimes dangerous, 



Institute of Technology, and of C, 1 . Emery, 
M.I... I, L.I). 

Where two values are given in the table for 
the same substance the lower one is for the 
denser condition. 

A smooth or polished surface is of itself a good 
prot« >n, polished tin or Russia iron having a 



cape of steam heat should not be less than 
one inch thick. 

The following table gives the loss of heat from 
steam pipes, naked and clothed with wool or 
hair felt, of different thickness, the steam press- 
ure being assumed at 75 lbs. and the external 
air at 60 . 



TABLE OF LOSS OF HEAT FROM STEAM PIPES. 
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CARE OF BOILERS. 

The following: rules are compiled from those 
issued by various Boiler Insurance Com pan i 
in this country and Europe, supplemented by 
cur own experience. They are applicable to all 
boilers* except as otherwise noted. 

ATTENTION NECESSARY TO SECURE SAFETY. 

[Though the Babcock & Wilcox boilers are 
not liable to destructive explosion, the same care 
should be exercised to avoid possible damage 1 1 

boiler, and expensive delays.] 

i. Safety Valves. — Great care should be ex- 
ercised to see that these valves are ample in size 
and in working order. Overloading or negU 
frequently lead to the most disastrous results. 
Safety valves should be tried at least once even, 
day to see that they will act freely. 

2. Pressure Gauge. — The steam gauge should 
stand at zero when the pressure is off. and it 
should show same pressure as the safety valve 
when that is blowing oft". If not, then one is 
wrong, and the gauge should be tested by one 
known to be correct. 

3. Water Level. — The first duty of an engi- 
neer before starting, or at the beginning of his 
watch, is to see that the water is at the proper 
height. Do not rely on glass gauges, floats or 
water alarms, but try the gauge cocks. If they 
do not agree with water gauge, learn the caus 
and correct it. Water level in Babcock & Wil- 
cox boilers should be at centre of drum, which 
is usually at middle gauge. It should not ! 
carried above. 

4. Gauge Cocks and Water Gauges must b 
kept clean. Water gauge sh< mid be blown out 
frequently, and the glasses and passages to gaug 
kept clean. The Manchester, Eng., Boiler Asso- 
ciation attribute more accidents to inattention 
to water gauges, than to all other causes put 
together. 

5. Feed Pump or Injector. — These should be 
kept in perfect order, and be of ample size. N 
make of pump can be expected tube continuously 
reliable without regular and careful attention. 
It is always safe to have two means of feeding a 
boiler. Check valves, and self-acting \^<\ valvi 
should be frequently examined and cleaned. 
Satisfy yourself frequently that the valve is acting 
when the feed pump is at work. 

6. Low Water. — In case of low water, im- 
mediately cover the fire with ashes wet if possi- 
ble) or any earth that may be at hand. If noth- 
ing else is handy use fresh coal Draw fire as 
soon as it can be done without increasing the 
heat. Neither turn on the feed, start or stop 



engine, or lift safety valve until fires are out. and 
the boiler cooled down. 

7. Blisters and Cracks. — These are liable to 
occur in the best plate iron. When the first m 
dication appears there must be no delay in hav- 
ing it carefully examined and properly cared for. 

8. Fusible Plugs, when used, must be ex- 
amined when the boiler is cleaned, and carefully 

raped clean on both the water and fire sides, 
or they are liable not to act. 

ATTENTION NEC! 5SARV TO SECURE ECONOMY. 

9. Firing. — Fire evenly and regularly, a little 
.it a time. Moderately thick fires are most eco- 
nomical, but thin tiring must be used where the 
draught is poor. Take care to keep grates evenly 
covered, and allow no air-holes in the fire. Do 
not "clean" fires oftener than necessary. With 
bituminous coal, a "coking fire/' r. e. firing in 
front and shoving back when coked, gives best 
results, if properly managed 

10. Cleaning. — All heating surfaces must be 
kept clean outside and in, or there will be a 
serious waste of fuel. The frequency of cleaning 
will depend on the nature of fuel and water. 
As a rule, never allow over -f z inch scale or soot 

collect on surfaces between cleanings. Hand- 
holes should be frequently removed and surfaces 
examined, particularly in case of a new boiler, 
until proper intervals have been established by 
experience. 

The Babcock vN: Wilcox boiler is provided with 
extra facilities for cleaning, and with a little care 
can be kept up to its maximum efficiency, where 
tubulars or locomotive boilers would be quickly 
destroyed. For inspection, remove the hand- 
holes at both ends of the tubes, and by holding 
a lamp at one end and looking in at the other, 
the condition of the surface can be fully seen. 
Push the scraper through the tube to remove sed- 
iment, or if the sale is hard use the chipping 
scraper made for that purpose. Water through 
a hose will facilitate the operation In replacing 
hand-hole caps, clean the surfaces without scratch- 
ing or bruising, smear with oil, and screw up 
tight. Examine mud-drum and remove the 
sediment therefrom. 

The exterior of tubes can be kept clean by 
the use of blowing pipe and hose through open- 
ings provided U >r that purpose. In using smoky 
fuel, it is best to occasionally brush the surfaces 
when steam is off. 

11. Hot Feed Water. — Cold water should 
never be fed into any boiler when it can be avoid- 
ed, but when necessary' it should be caused to 



















mix with the heated water before coming in con- 
tact with any portion of the boiler. 

12. Foaming. — When foaming occurs in a 
boiler, checking the outflow of steam will usually 
stop it. If caused by dirty water, blowing down 
and pumping up will general] y cure it. In cases of 
violent foaming, check the draft and fires. 

Babcock & Wilcox boilers never foam with 
good water, unless the water is carried too 
high. If found to prime, lower the water-line. 
It should not be carried above centre line of 
drum. 

13. Air Leaks. — Be sure that all openings for 
admission of air to boiler or Hues, except through 
the fire, are carefully stopped. This is frequent- 
ly an unsuspected cause of serious waste. 

14. Blowing Off. — If feed-water is muddy or 
salt, blow off* a portion frequently, according to 
condition of water. Empty the boiler every week 
or two, and fill up afresh. When surfai e blow- 
cocks are used, they should be often opened for 
a few minutes at a time. Make sure no water is 
escaping from the blow-off < <>< k when it is sup- 
posed to be closed. Blow-off cocks and check- 
valves should be examined every time the boiler 
is cleaned. 

Attention Necessary to Secure Durability. 

15, Leaks. — When leaks are discovered, tin 

should be repaired as soon as possible. 

16. Blowing Off. — Never empty the boiler 
while the brick-work is hot. 



17. Filling Up. — Never pumpeold water into 
a hot boiler. Many times leaks, and in shell 
boilers, serious weaknesses, and sometimes ex- 
plosions are the result of such an action. 

18. Dampness.— Take care that no water 
comes in contact with the exterior of the boiler 
from any cause, as it tends to corrode and 
weaken the boiler. Beware of all dampness in 
seatings or coverings. 

19. Galvanic Action. — Examine frequently 
parts in contact with copper or brass, where 
water is present, for signs of corrosion. If water 
is salt or acid, some metallic zinc placed in the 
boiler will usually prevent corrosion, but it will 
need attention and renewal from time to time. 

20. Rapid Firing. — In boilers with thick 
plates or seams exposed to the fire, steam should 
be raised slowly, and rapid or intense firing 
avoided. With thin water tubes, however, and 
adequate water circulation, no damage can 
1 - >me from that cause, 

21. Standing Unused. — If a boiler is not re- 
quired for some time, empty and dry- it thor- 
oughly. If this is impracticable, fill it quite 
Full of water, and put in a quantity of common 
washing s< >da. External parts exposed to 
dampness should receive a coating of linseed 
oil. 

22. General Cleanliness. — All things about 
the boiler room should be kept clean and in 
good order. Negligence tends to waste and 
decay. 
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TESTING STEAM BOILERS* 

The object of testing a steam boiler ts to de- 
temiine the quantity and quality of sb am ii will 
supply continuously and regularly, under speci- 
fied conditions; the amount of fuel required to 
produce that amount of steam, and sometimes sun- 
dry other facts and values. In order t< i ascertain 

these things by observation it is necessary to e* 

cise great care and skill, and employ the most per- 
fect apparatus, or errors will creep in sufficient to 
vitiate the test and render it of no value, if n< \\ 
actually misleading. This is most apparent in 
testing the quality of the steam by a "barrel cal- 
orimeter/' as at the Centennial Exposition,where 
an error of }+ lb. in either of two weighings of a 
mass of some 400 lbs. made a difference of 3 per 
cent, in the final result. 



5. Pressures of the steam, of barom< 

<»f draft in chimney. 

6. Weights of feed-water, of fuel, and - 4 ashes. 
Water meters are not reliable as an accura 

measure 1 4 fee* I water. 
7. Time of starting and of stopping test, taking 

re that the observed conditions are the same at 

li a^ far as possible. 

8. The quality of the steam, wh< r "wet, 
"drj or "superheated/ 1 
From these data all the results 1 an be figured, 

giving the economy and capacity of the boil. 

and the sufficiency or insufficiency of the li- 

ti< »ii\ t( »r - .1 'taining the best results. 

The amount of water evaporated per pound of 
coal is universally conceded to be the proper 
measure of the efficiency of a boiler, but in order 




The principal points to be ascertained and 
noted in a boiler test are : 

1. The type and dimensions of the boiler, in- 
cluding the area of heating surface, steam and 
water space, area of water surface, and draft area 
through or between tubes or flues. 

2. The kind and size of furnace ; area of grate 
with proportion of airspaces therein, height and 
size of chimney, length and area of flues. 

3. Kind and quality of fuel and amount of ash 
and water therein. The latter is a more impor- 
tant item than is generally understood, as it not 
only adds to the weight without adding to the 
value of the fuel, but the heat taken to evap 
rate, and send the steam up chimney in a highly 
superheated condition, adds to the unobserved 
waste. 

4- Temperatures, of external air. of fire-room 
of chimney gases, of fuel, water and of steam. 

•This subject will be found very fully treated in the re- 
port of a committee to the American Society of Mechanical 
Engineers, and the discussions on the same. Transactions 
A S. M. E.. Vol. VI. pp. 256-351. 



Boiler House ol Pencoyd Iron Works, Pencoyd, Pa. 1248 H. P. 
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to compare one boiler with another, each should 
have equally good coal, be fed with water at the 
same temperature and furnish steam at the same 
pressure. As this is impractical in making tests, 
a standard has been accepted to which all te 
should be brought for comparison. This is call 
the "equivalent evaporation from and at 212 " 
per pound of combustible; that is, what the evap- 
oration would have been if the coal had been 
without ash, the feed-water at boiling point and 
the steam delivered at atmospheric pressure. 

It may be determined by the foll< iwingfbrmtike : 

I et W — the observed evaporation per lb. of combustible. 
/ — the observed temperature of feed. 
1 — the temperature of steam at observed pressure. 
H — the total heat of steam at the observed pressure, 
w — equivalent evaporation from and at an 
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32-/ 
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The value of T and H may be found by refer 
t-nce to '•steam table'* on another page 
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Engineering Office of Chas. E. Emery, 

No. 7 Warren Street, New York, 

March 2r, 1S79. 

Messrs. Babcock & Wilcox, 

No. 30 Cortlandt Street, New York. 

Gentlemen : On the 4th and 5th of Febru- 
ary, 1S79, ! made a trial of the Babcock & Wil- 
1 ox Boilers and Corliss engines in the Raritan 
Woolen Mills, Raritan, N. J., the results of 
which are shown in the following report: 

There were two boilers tested of the water- 
tube type, manufactured by you and known by 
your name, rated jointly at 360 horse-power, and 
reported to contain 4,080 square feet of heating 
surface, and 103 square feet of grate surface. 
These boilers were erected side by side and 
connected so that they could be used separately 
or conjointly in connection with or independent 
of a number of Lancashire drop-flue boilers, 
three boilers of the latter kind having been re- 
moved to make room for yours. All the boilers 
were connected to a single chimney through a 
Green's economizer in the flue. A large por- 
tion of the steam generated appeared to be 
used in the dye house and for heating pur- 
poses. A portion of the boilers were employed, 
however, to supply steam to two pairs of en- 
gines, of equal size, operating the mill, one pair 
being of the Wright patent, put in many year^ 
since, and the other of Corliss make, erected 
within a year. Each steam cylinder was 20 in- 
ches in diameter with 48 inches stroke of piston. 
The engines are provided with Bulkley conden- 
sers. In the ordinary working of the mill your 
boilers were used to supply steam to both pairs 
of engines. 

Your contract contained a guarantee that the 
boilers should furnish sufficient steam to de- 
velop the rated power (360 H. P.) in a Corliss 
engine, and that the evaporation should equal 
at least 9 pounds of water from a temperature 
of 180 per pound of coal containing not more 
than 12 per cent, of refuse. In a preliminary 
trial, part of the load on the Wright engines 
was transferred to the Corliss engines; but it 
was soon found that the latter did not require 



all the steam your boilers would generate eco- 
nomically ; so two trials were made, one of 4J 
hours' duration, using your boilers with reduced 
draft to supply steam to the Corliss engines 
only, and taking data to ascertain the economy 
of the engines ; the other of fully 12 hours' du- 
ration, using the boilers at maximum pozcer on 
a dull day without forcing the fires, part of the 
steam being used to operate the Corliss engines, 
the remainder blown into the pipe system of 
the other boilers, which were working at a 
much less pressure. 

Trial of the Boilers. 

The experiment commenced at 6.01 a. m., and 
closed at 6.3S P. M. In starting, steam was 
raised by spreading the banked fires left from 
the previous day. When the pressure reached 
80 pounds the fires were hauled, all refuse re- 
moved, and fires started anew with wood, 
which in calculation has been considered equal 
in calorific value to T 4 u its weight of coal. The 
fires were maintained with coal during the day, 
finally hauled, allowed to cool, the combustible 
portion deducted from the coal charged, and 
the refuse weighed separately. The experi- 
ment was closed when the boilers stopped 
making steam at 80 lbs. pressure, with water in 
the glass gauges at same height as in starting. 

During the trial, all the coal consumed was 
weighed in an iron wheel-barrow, balanced 
when empty by a fixed weight, and each bar- 
row load was adjusted at the scale to weigh 
200 pounds net. All the water evaporated was 
measured in a tank provided with a heavy float 
connected through a fine chain to an index 
showing a water level on an exterior scale, 
divided decimally. By weighing water out of 
the tank, its capacity was found to be 5,172 
pounds of water between the limits employed. 

A complete record was kept of the coal, water, 
steam pressure and various temperatures, and the 
quality of the steam Mas tested with a calorime- 
ter at frequent intervals. The proprietors of 
the mill took the proper business precaution of 
stationing observers at each point, "who kept 
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entirely independent records, agreeing with those 
taken by my assistants. The coal used was clean 
nut coal from the Lackawanna region. It had 
been exposed to the weather during the winter, 
and when first taken from the pile was wet, but 
a sufficient quantity for the trial was brought 
under shelter a few days in advance, so that the 
coal actually used was bright and appeared dry. 
The results of the trial are as follows : 

Average steam pressure, T^^'K 

Average temperature, 

" " fire room, .... 44.00 

of water in feed tank, . . 9047 

" of water entering* boiler after 

passing through a heater in flue, 11 
" " of up-uke boiler No. 1 by | 

rometer (evidently wrong), . 381.87 
" ' of rtue beyond feed water heater 453.23 

Wood used in starting fires, 730 lbs., equivalent of 

coal (730 x. 4 1 lbs. 292 

Coal put in furnaces during experiment. . . 1 .,827 

Total of above. . . . , . 20,119 

Combustible in refuse at close ot experiment, . 820 
Total coal consumed, including equivalent of 

wood lbs. 19,294 

Refuse from coal removed during experiment, . 749 

Refuse from coal at close of experiment. . . " 2*134 

Total, " ;.*:-■} 

Actual per centage of refuse, (29883 -S- 19,299 

x 100 «=- 1 . .... M-94 

Combustible consumed, (19,299 — 2,883 = ) . lbs. 16,416 

Coal with i2 per cent, refuse agreed upon, equiv- 
alent to that actually consumed, [.16,416 -*- 

(100— ia) --= ] . . . . lbs., 18,654? 

Total weight of water actually evaporated at 
pressure of 71.63 lbs. imm temperature 
xxo.5. lbs,, 161,573. 2S 

Equivalent evaporation at pressure of 70 lbs, 

from temperature of i8o g ,a^ agreed upon, 172,50 

Evaporation per lb. of coal, with 12 per cent, 
of refuse, at pressure of 70 lbs. from tem- 
perature of 2* 9.252 

Evaporation per lb. of combustible, atmos. press. 

from temp, of 212 , 11.221 

Calorimeter Trials. 

The calorimeter consisted of a simple barrel set 
on a platform scale. The scale beam was grad- 
uated for half-pounds only ; but by applying 
thereto an extra movable weight, one-tenth that 



of the other, carefully leveling 
the platform, and in weighing 
bringing the end of the beam 
just clear of the guard, it was 
possible to read to one-tenth, or 
even .05 of a pound. In an in- 
clined position! through the side 
of the barrel, was fixed a ther- 
mometer graduated to ! 4 de- 
grees and readily read to J j de- 
grees. A small iron propeller 
on a vertical shaft was arranged 
in the barrel. In operations, the 
barrel was nearly filled with cold 
water, which was heated with 
steam, whentheincreasein weight 

showed the weight of steam taken 
fromtheboiler.andtheincreasein 
temperature measured the quan- 
tity of heat in the steam. The 
steam was taken from the boiler 
near the issuing current, through 
a 2-inch pipe reduced outside of 
the boiler to %, of an inch, and 
again near the outer end by an 
inserted nipple to T 5 ff of an inch, 
substantially on the plan recom- 
mended in a previous article on 
the subject.* To the end of the 
steam-pipe a short piece of hose 
was connected through a valve ; 
the pipe was carefully felted, and 
was heated previous to each 
ex 1 n -ri m ent 1 >y wasting steam 
through it before putting the hose 
into the calorimeter. The end of 
the hose was perforated in sever- 
al directions, to avoid the jar due 

to condensation. 

Seventeen experiments were 

made during the day ; one was 

* Report of Judges, Group XX., Cen- 
tennial Exhibition, p. 8s. 
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rejected, in which the thermometer scale was 
seen to move by bringing the hose too near 
the instrument The results were calculated 
from the records of the remaining sixteen experi- 
ments, on the following basis : 

Let W — original weight of v. tt« r in calorimeter. 

i •■■ weight "i water added by heating with steam. 

Let T — total heat in water due to the temperature I steam 
at obsrrvol pressure. 
~ 1! total heat of steam ai observed pressui 

l et latent heat of steam at observi d pressure. 

Let t — total heat of water corresponding to temperature 
of water in calorimeter. 

Let /* — total heat in water \ >rrcsponding ti i final tempera- 
ture of water in calorimeter. 

Let E — heating efficiency of the steam furnished, < ompari 

with saturate am between the same limits A 

temperature. 
Let Q — quality of steam explained hereafter. 



Then E = 



W f — t) 

iH-/' 



fi) 



When Q i, the number of degrees steam 
is superheated = 2.0833 / Q — 1). 

In the present case * J = .98955. Percentage 
of moisture in steam = 1.045. 

This is practically dry steam, and equal in 
qualitj to that furnished by boilers of any type 
not provided with superheating surface. The ex- 
periments show, in agxatifying manner, that you 
have succeeded in overcoming a great difficulty 
*a\k\\ experienced with boilers constructed of a 
combination of small chambers to reduce the 
danger 1 »f expli »^i< >n. The deficiency of ordinary 
boilers in furnishing dry steam is little known, 
thcaigh tin economy is materially affected. 

Engine Trials. 

The preliminary trial of engines gave the fol- 
l iwing results : 




BaDcocK <V Wilcox Boilers at Yngenio, Central Ysabel, Maruanillo, Cuba. 1,000 H. P 



The value of E was as< ertained bj the formula 
separately for ea< h experiment. The averaj 
value was .9916, showing that the steam lacked 
but iV„ of 1 per cent, of the quantity of heat 1 
quired t'»>r producing perfectlj dry or saturated 
steam between the same limits of temperature. 

The value of < ! may be found directly from the 

[lowing equation : 

Q = J Jjf '/' /.-iT-/')j • 

or, from the average of the heating efficiencies, 

I iy the following : 

.H-/' t — E 

Q _, (3) 

/ 

Then when *j • 1. the per centage of moisture 
in steam = 100 ( 1 — Q 



Duration ol experiment 4.1 hour* 

Average steam pressure in boilers, . . 93*94 pounds. 

.U < vacuum in o.mlcrw r i.; inches. 

Average revolution of engine per minute . 64.492 

W iter evaporated per hour, . 8830.244 pounds. 

Average initial pressure in steam a tinders, 84.4 
Mean effective pn ssure in cylinders, . 1 75 

Average point of cut off, .... .120 stroke. 
Average indicated H. P. (both engines), . 292.613 

Maximum II. P. shown by a complete set 

1 t diagrams, . . . . . 315. ^So 

W'.it'-rptT indicated horse \ >■ wcr per hour, 30.177 pounds. 

Thesteam pipe was \\\ feet long and other 
conditions were unfavorable for the economical 
development ofpowerin the engines. It i^, in 
fact, i" >pularly sup p. >sed that this* lass of engines 
develops a horse-power for % the quantity of 
steam required in this case. 

The duration of the boiler experiment was 12 
hours and 37 minutes, of which fully [3 minutes 



* 



9 






* 



4 



were necessarily lost in starling and hauling fires. 
On this basis the water was evaporated in 12.4 
hours, or at the equivalent rate of 13,919 pounds 
per hour for feed water at 1S0 degrees. On the 
basis that any good engine under fair conditions 
will require but 30 pounds of water per horse- 
power per hour, your boilers, during this experi- 
ment, though not forced to their utmost, devel- 
oped under condition agreed upon, 1 391 9 h- 30 
= 464 horse-power, or 104 horse-power in excess 
of the guaranteed pozccr. 

The coal required per horse-power per hour is 
evidently dependent in any case upon the econ- 
omy of the boiler and engine jointly. With an 



of 89.4 pounds from a temperature ioo° per lb. 
of Cumberland coal ; yet the engine was so 
economical that there was required but 1.69 lbs. 
of coal per horse-power per hour. The equiva- 
lent evaporation of your boilers from the same 
temperature with anthracite nut coal, much in- 
ferior to Cumberland, on the basis of the trial 
above mentioned, is S.547 pounds of water per 
pound of coal ; so if your boilers were used in 
connection with that particular pumping engine, 
there would be required but 1.64 pounds of the 
inferior coal per horse-power per hour. 

The economical performance of your boilers 
could undoubtedly be rendered still greater by 




Scale. 1 in.=13 ft. 

Boilers, Boiler House and Economize*, with Blast Flue and Ash Tunnel, made for Lombard, Ayres & Co., Seaboard Oil Refinery 

Bayonne, N. J., 16 orders, 2,314 H. P. 



evaporation of 9.252 pounds of water per pound 
of coal, and 30 pounds of water per horse-power 
in the engine, there would be required per horse- 
power per hour 3. 24 pounds of coal. This boiler 
performance, however, is rarely obtained in 
ordinary practice, so generally a low cost of 
power in fuel is due to using an excellent engine 
with a fair boiler. For instance, during the offi- 
cial trial of one of the most prominent pumping 
engines in this country, the boilers, which were 
specially designed to secure economy, actually 
evaporated but 8.31 pounds of water ata pressure 



reducing the rate of evaporation. The more fuel 
burned per square foot of heating surface in a 
given time the greater the quantity of heat lost in 
the chimney, so that, within certain limits, using 
proper proportion, the economy increases as the 
rate of evaporation is diminished, though in a 
much less ratio. To accomplish this result to the 
fullest extent, however, the boiler would probably 
need to be so proportioned that it would not 
develop a maximum of 464 horse-power, or up- 
ward, as in its present form. 

Very truly, yours, Chas. E. Emery. 
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CENTENNIAL BOILER TESTS. 

At the U. S. Centennial Exposition held in 
Philadelphia in 1S76, a careful test was made of 
the different boilers there exhibited, except the 
Corliss, which was not placed in competition. 
The results of these tests have been condensed 
in the following diagram, which gives graphically 
not only the relative evaporation, but the rate of 
combustion of coal per square foot of grate, the 
ratio of heating to grate surface, the water evap- 
orated per square foot of heating surface, and 
the waste heat in the flue. The height of the 
diagram is 105 millimeters, and represents the 



to difference in the construction of the boilers, by 
which the heating surface was rendered more 
effective. The fact that the best economic re 
suits were obtained by a boiler under average 
conditions in other respects, is significant. 

In their report, the Judges said : "The awards 
of the Judges were not based upon the trials ; in 
fact, the latter were not commenced until the 
awards had been made by another committee oi 
the same group. This report has been confined 
to a statement of what actually took place during 
the trials, without expressing opinions on the all- 
important question of value, but more particu- 



ECONOMY 

Pounds of Water 

fr >m and at 212° 
| l»ound 

combustible 

1 



COAL / 

1 per. hour |_ / 
per. sq. ft. prute 
6n)m= 1.1b. 



RATIO 
H'-ating surface 
to prate surface 

1. II 

WATER 
i"T iq tt. of 
heating surface 

hour. 
iczn. sK l.lb. 

WASTE 
heat of flue 

ImnL-Wt 







Line of.averag* 

combustion, 
10.64 



Line of average 

ratio, 

34.50 to 1. 

Lin* of average 
evaporation, 

2.M. 



Line of average 
tenlperature', 

410*. 



BASE LINE FOR ALL 6CALESJ 



theoretic value of the combustible used in the 
experiments. In the line of "economy" the 
boilers are arranged in the order of their relative 
economy, as shown in the table. The distance 
of this line from the base, relative to the whole 
height, gives the percentage of useful effect in 
each case. All the lines have scales measured in 
millimeters, from a common base. 

By reference to the lines of averages, it will be 
seen that boilers at the extremes of economy,, 
had an average of each of the conditions. The 
different results are, therefore, to be attributed 



larly the trustworthiness of the different mechani- 
cal details and arrangements employed by the 
various exhibitors. Many of these questions can 
only be settled by long practical use, under dif 
ferent circumstances as to management and the 
kind of fuel and water used." 

In view of that statement it is an interesting 
fact, that of all the fifteen boilers tested at the 
Centennial, only three can be said to be now 
fairly in the market, and of these, the Babcock 
& Wilcox, which showed the best results there, 
is the only one extensively sold in this country. 



* 
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Comparative Test, 

made at the Oliver Wire Works, Pittsburgh, Pa., 
March, 1883, by Wm. Kent, M. E., between two 
Babcock & Wilcox boilers of 416 H. P., and 
eight " two flue " boilers — six of them being 28 
ft. long, 42 inches diameter, 14-inch flues, and 
two of them 26}4 feet long, 40 inches diam- 
eter, 14-inch flues. Total grate-surface, 165 ft. 



Date of test 

Coal, bituminous, lump and nut. 

Duration of test, hours 

Average steam pressure 

Average temperature of feed, deg\ 

Water evaporated lbs. 

Coal fired " 

Per cent, of ash 

Combustible 

Grate-surface, square feet 

Coal consumed per square foot, of] 

grate per hour 

Water evaporated, in pounds 

per lb. coal under actual con. . 
combustible " ** .. 

coal from and at 212 . . 

combustible. . . .do 

Rated horse-power 

Horse-power developed from 212 

feed and 70 lbs. steam 

Percent, above rated capacity... 



i* 



1* 



• « 



B. & \V. 



Mch. i2to 17 

"4 
9: 

1,512.763 2 
190,228 
1 1 
163,303 
60.12 

24.14 

7- 

8.826 

Q.700 
10.909 
416 

522.84 
.68 



Ret. Flue. 



Mch. 191021 

40-75 

QS 

180 

880,776 

147,668 

IX 

»31.425 

165 

21 .9 

5.964 
6.7O 

6-334 

7.115 

not given. 



741-36 



Saving in fuel in favor of Babcock & Wilcox : 

9.709 — 6.334 — 3.375 ; and : 34.76 per cent. 

9.70J 

Tests made at the Genesee Mills, San Fran- 
cisco, Cal, by A. Worthington, with coal from 
British Columbia, from Cardiff, Wales, and from 
the South Prairie, Washington Territory. This 
test was made largely to determine the relative 
values of these three coals, and incidentally the 
economy of the boiler. The furnace was pro- 
vided with an arch extending over about half 
the length of the grate bars, and produced little 
or no smoke : 



Date 1883 

Coal J 

Duration of test 

Average steam pressure 

Average temp* tu re of feed.. 

Water evaporated lbs. 

Coal fired " 

Per cent, of ash 

Combustible lbs. 

Grate-surface sq. ft. 

Coal consumed per hour per 

sq. ft. grate, lbs 

Water evaporated, (in lbs.) 

per lb. coal — actual con. 
11 — from and at 
212° 

combust, act. con. 
11 from and at 

212° 

Rated horse-power 

Horse-power developed 
Perct. above rated capacity 



• 4 



II 
• 4 



Feb. 20. 
Welling'n 

Br. Col. 
6 hr. 17 m. 
119.2 

* 59 
28,329 

3*777 
13.78 

21.25 

28.2 

7-5 

11.12 

136 

186 1 
-?6.8 



Feb. 27, 

Cardiff, 

Wales 

7 hr. i-\ m. 

X17.68 

61.87 

12.376 
4,032 
19.07 

3*2*>3 
21.25 

25.6 

8.02 

9-95 

9-54 



Feb. 2 8. 
So.Prairie 
Wash. T. 
6 hr. 35 m. 

317.87 
61.97 

3°.345 

4,OS9 
M-94 

3^493 
21.25 

28.9 

7.47 

8.76 
8.88 



11 84 


10.42 


.36 


136 


'73-5 


.82.3 


27-5 


.14 



Test made at Harrison, Havemeyer & Co. 
(now Harrison, Frazier & Co.), Franklin Sugar 
Refinery, Philadelphia, Pa., by C. A. Brinley, 
Chief Engineer, being the result of four separate 
runs of 72 hours each, in October, 1S83, and 



April and May, 1884, on regular work, with 
"Buckwheat" anthracite coal from different 
mines, after boilers had been in constant use for 
hvc vcars : 



Duration of test, in hours 
Average steam pressure, in pounds, 
Average temperature of feed water in tank, 
Pounds of coal burned 

Pounds of combustible, .... 

Per cent, of ash, 

Coal burned per square foot grate, per hour 
Total water evaporated at temp, of feed, lbs 
Water evaporated, in pounds, 

per lh. coal — actual conditions, . 
" — from and at 21 2 
combustible, actual conditions 
from and at 212 
Quality of steam — 13 tests, moisture, per ct 
Rated horse-power, ... 
Horse-power developed from feed, at 212 and 

70 lbs. pressure 

Per cent, above rated capacity. 
Temperature <»f flue gases. 



»68 

73-52 
82.195 

216,987.8 

1 79.295- 3 
37-41 
M.685 
1.765,926 

8.124 
9-49 

9.833 
11.485 

b8 

187 

231.61 

23---* 

455. 



Test made at Benedict & Burnham Manufac- 
turing Co., Wnterbury, Conn., March 17 and iS, 
1SS3, by Wm. E. Crane, their engineer ; 

Coal, anthracite egg, 
Duration of test, hours, 
Average steam pressure, pounds, . 
Average temperature of feed water> 
Pounds of coal burned. 
Pounds of combustible, 
Per cent, of ash, .... 

Coal burned per sq. ft. grate, per hour. 
Total water evaporated at temp, of feed 
Water evap'd per lb. coal— actual conditions, 

41 —from and at 212 , 
combustible actual con. 
41 from and at 212°, 
Quality of steam (moisturei, per cent. 

Rated horse-power, 

Horse-power developed 

Per cent, above rated capacity. 



lbs. 



• 1 



•• 



*> 






i> 



.« 



&& 



** 






22 
60 

3*° 
21,400 

1^,626 

I2.Q 
l6.21 

175.579 

8.20 

9-93 

11.41 

1. Si 

250 

312 X2 
24-8 



Test made at Messrs. Hepburn & Co's Grant 
Mills, Ramsbottom, Scotland, July 24th, 1SS4, by 
Messrs. Hepburn & Co. Babcock & Wilcox 
Co's Boiler, with the patent regenerative furnace, 
with dross "pick-up" @ 4/9CL and " Crosses'' 
at S/jd-i mixed to equal parts. Cost to evaporate 
1000 lbs. water into steam @ 70 lbs. pressure. 
2.S2 pence, sterling : 

Duration of test, in hours, .... 8 

Average steam pressure, by gau^e, . . 50 

Average temperature of feed water, . . 20$° 

Pounds of coal burned, 5,^24 

Pounds of refuse, V3D 

Pounds of combustible, . . . . 5 IQ . 

Per cent, of ash It 

Coal burned per sq. foot grate, per hour, lbs, ^.26 

Total of water evaporated at temp, of feed, fct 55.3°° 
Water evaporated, 

per lb. coal — actual conditions, lbs. 9.497 

14 —from and at 2i2°. " xo.627 

1 combustible actual conditions. " 9.826 

irom and at 212°. " 10.998 

Rated horse-power, ...... 136 

Horse-power developed from feed at 212° and 

70 lbs. pressure. .... 232.1 

Per cent, above rated capacity. . . . 70.7 




100 




^ 



I+* 






Campara tive Tes t. 

made at the station of the Brush Electric Light 
Co., Philadelphia, between the Babcock & Wil- 
cox and Return Tubular boilers, by J. C. Hoad- 
ley. on the part of the Babcock & Wilcox Co., 
and W. Barnet Le Van, on the part of the Brush 
Electric Light Co., October, r882 f the conditions 
as to quality of coal and management of fires 
being much in favor of the return tubular boilers, 
as was certified to by both experts* This state- 
ment and full data and details of calculation were 
published in Van Nostrancts Magazine, 1883, 
copy of which will be furnished on application. 

Ii Test by Evaporation of Watrti 



Points Observed. 


Babcock 
& Wilcox. 


Return 
Tubular. 


Date of test 


Oct 


l6, 1Q, 20. 


1 N 1 - , 24, 25- 


Duration of test 


21 


.5 hours 


16 hours. 


Quality of coal (anthracite 






Screened 


Chestnut) 


We 


and dirty 


and dr\ . 


Coal thrown on grate 


lbs. 


,388.5 


15.17*0 




M 


1,207.8 


<78 


Dry co.il thrown on grate. . 


»* 


180.7 


12.793-5 


Wood used for kindling. . . 


** 


462 


3«9 


Cott*»n waste, to start ores. 


• . 


72.5 


34 5 




« ' 


^i3°S 


2-607 


Combustible (in coal) con- 










» • 


I I 1875.7 


10,096 \ 


Combustible = wood Jto.36. 


t » 


166.3 


Xl 5 


Combustible = cotton waste 


* i 


72.5 


J4'5 


Total combustible con- 








sumed 


» t 


IS,IX4.5 


10,246 


Heat units apparently re- 








ceived by boiler 


134,410,015 


106,300,397 


Heat units actually received 








— water allowed for 


no, 


: -' : 


I "4, 1 10,60*9 


Heat units received per 1 lb. 












1 -; .48 


IO, I' t I 


Water evaporated from and 








at 212 b. per 1 lb. corn- 












II 


10.522 


Apparent efficiency, per ct. 




74.18 


70.15 


Heat units required to dry 










«, 


» >7t793 


482.S5S 


Water evaporated from and 








at 212 F. per 1 lb. of com- 








bustible expended in dry* 
ing the coal lbs. 










128 


O.049 


Water actually evaporated 
from and at 212 r . per 1 














lb. of combustible 




11.255 


10.571 


Actual efficiency, per cent. 








of theoretical 




75.03 


70.47 



Comparative Economy by the Evaporative Test: 



11.255 — 10-571 —0.684; and 



0.684 

'^57 



0.0647 ■ 6.47 per cent 



2. Test by Power Developed Through Engines, 



nts Observed. 



Mean indicated horse-power 

Duration of experiments as.. 

above hours 

Combustible consumed lbs 

Combustible consumed per 

hour... " 

Combustible consumed per 

H. P. per hour M 

Water evaporated. M 

Water evaporated per hour. . . 
Water evaporated per H. P. 

per hour ........ 

Dry steam per H . P. per h I 
Leakage per H, P. her hour.. 
Dry steam used per H. 1'. 

per houi 






• • 



»» 



. . 



Babe* ck 
& Wilcox 



Return 

Tubular. 



4 1 

2f. 5 
12,114.5 

5 6 3 4' 

4.321 

130.156 

34 

♦6.57 
#5 1 
10.43 

I4.67 



i3r-78 

16 

10,, 

640.375 

4.648 

104,562 

'•5S5 

47 
4^-45 

12.33 



34 



■ ii 



Comparative Economy by the Engine Test : 



4.648 — 4-321 = °-3 2 7 ; and 



0-327 
4.321 



— 0.0757 ™ '• 57 per cent 



3t Test by Waste Heat in Chimney. 



Character of Waste- 


Babcock 
cV Wilcox. 

Parts in 100. 


Return 

Tubular. 
Parts in 100. 


Loss of heat carried off by 

heated gases in chimney. 

Loss by imperfect combus- 


20.54 
4.43 


2547 
4.06 


Actual efficiency by e vapor- 


*4< '7 
°3 


3 9-53 
70-47 




Total heating power of 


100,00 


100.00 



Loss carried off by hot gases. Ret. Tub. boilers. . 73.47 P*. Ct 
Loss carried off by hot gases, B. A \V. boilers. -.20. 54 pr. ct. 

Difference ; greater loss by Ret. Tub. boilers 4.93 pr. ct. 

This difference, or excess of heat lost by the 
Return Tubular boilers, divided by the effi- 
ciency of these boilers (70.47 per cent.), gives 
the ratio ol the excess <>i loss to actual efficiency : 



4-93 

7^-47 



- 0.06996 — 7.00 per cent. 
4. Test by Light. 



nts Observed. 



Babcock 
vV Wilcox. 



Return 
Tubular. 



2. 

4- 

5- 



I nd icated horse-power, 
mean of all tests 

1 l<»urs run 

No. of arc lights run 

Average H. P. per light. 

Pounds of combustible 
per light per hour. . . 




>37-78 

128.75 
1.0701 

4 Q73 8 



Comparative Economy by the Light Test: 

0,3171 



4.9738 — 4-6567 -=0.3171 ; and 



— 0.0681 — 6.81 percent. 



4.6567 
4. Summary of Results by the Four Methods. 



Tests. 


■a 


Return 

Tubular. 


<= > ■ 

at* 


c 5 


Evaporative test 


H-254 
4 *2I 
4.6567 

20.54 


10.570 

4-648 

4-973 8 
25-44 

.... 


.684 
.327 

.3*7* 

4-9 

. .... 


6.47 

7-57 
6 81 


Light test. 


Test by loss at chimnej 


7.00 




6.96 



Explanation of Table. — The Babcock & Wil- 
cox boilers evaporated more water for each 
pound of combustible consumed ; consumed 
less combustible per hour for each indicated H.P. 
produced, consumed less combustible per hour 
for each arc light in use ; and lost less heat by 
hot gases escaping to the chimney, than the Re- 
turn Tubular boilers. 

While doing this, they were evaporating 6054 
pounds of water per hour, into steam, containing 



* 



101 



ii 









only 3.15 percent, of entrained water, leavii 
5S63 pounds <>r * lr > steam per hour, enough at 
the rate of 30 pounds of dry steam per hour (! 

ich horse-power t" supply 195 horse-power, 
which 1 per cent, above their rated power. 

The genera] result is adiflen n< e of about 7 per 



different engint have been cond rthe 

purpos a more ready comparison. 

Test madeal Harrison & Havemeyer's Sug 
Refinery, Philadelphia, January, 1879, by their 
engineer and usual nreman,und neral work- 
in- 1 onditions, for m 1 noun 







> <^K 



The Brooklyn Sugar Refining Co.. Brooklyn, N. Y„ 5 orders, 1876 to 1888, 3,952 H. P. Babcock L Wilcox Boilers 



cent, in favor of tin- Babco< k & Wilcox boilei 
arrived at by four independent methods of com- 
parison, all free from objection, ami, together, 
mutually confirmatory in the highest degree. 

This comparison leaves out of view all disparity 
of coal save the ascertained difference insurfai 
water; this, if allowed for, would greatly inert 

the difference. 

Other Tests 

The following tests, showing the- evaporative 
efficiency of the Babcock & Wilcox boilers 
actual and comparative, with different kinds ,,i 
fuel, which have been made at various times, h 



a!, anthracite, egg si*c. n..t screened. 
Duration of lest, hours, 
Average Mean pressure, in pounds, 
Average temperature of teed, 
Water evaporated, 
I -il tired, 
Percent ih, 

1 imbostible, 
< hate surface, ■ . 

isumed per sq. foot c-t grate per hour, 
W .iter evaporated, ia pounds : 

i'er lb. coal under actual conditio! 
tible. 









Iba 

sq ii 



• i 






1 1 



C'»al from and at 212 



combustible 
Rated boise-power, 

M irse-p m tr developed, 

Per tent. ,»!)..\ c rated capa» 



.. 



I20. 
62.50 

735.66° 

'47 
«3-7 

- 5 

S 

12.90 

9-»7 

. . -4 

9-7" 
11.6 

190 



lui 













* 



H* 



Test of a Babcock & Wilcox boiler, made at 
the Laboratory of Thos. A. Edison, Menlo Park 
N. J., Jan., 1SS1, by Chas. L Clarke, M. E. 

Anthracite coal, egg size. 

Duration of test in hours 

Average steam pressure. 

Average temperature of feed, 

Water evaporated in pounds. 

Coal fired. 

Per cent, of ash, 

Combustible in pounds, 

Grate-surface, square let 

Coal burned per sq. foot of grate, per hour, lbs., 

Water evaporated: 

Per lb. coal under actual conditions, lbs., 

combustible 

coal from and at .120, 

combustible 
Rated horse-power, 

Horse-power developed, 

Per cent, above rated capacity, 



• 1 



1 • 






12 

85 

»95 
28,181 

2,998 
12.8 

2,614 
26.83 
9-3 

9.4 
10. 7S 

9.9 
11.36 

75 
83 

to.' 



Test of a Babcock & Wilcox boiler, made at 
the Electric Lighting Station of the Edison Co., 
Holborn Viaduct, London, October, 1882, by 
T. A. Fleming, R. S. E , actual working con- 
ditions with light load 



Welsh coaL 

Duration of test in hours 

Average steam pressure, 

Average temperature of feed, . 

Water evaporated in pounds. 

Coal fired, 

Per cent, of ash. 

Combustible in pounds, 

Grate-surface square feet, 

Coal burned per sq. foot of tfrate, per hour, lbs., 

Water evaporated : 

Per lb. coal under actual conditions, lbs., 
combustible " 

il from and at 212°, 
combustible 
Rated horse-power, 

-P overdeveloped. 
Per cent. Mow rated capacity. 



• • 



• • 



11 



«t 



• • 



»• 



»» 



66.66 
130 
34.8oo 

3.3^o 

7-5 
3,108 

39 
6.261 

10.357 
1 1.196 
n.527 
12.46 

'46 

"9-9 
*V3 



Test of a Babcock & Wilcox boiler, made at 

the Sugar Refinery of McEachran, Adam & Co., 
reenock, Scotland. Xovember. iSSz. 

otch coal. 

Duration of test in hours 

Average steam pressure 

Average temperature of feed 

Water evaporated in pounds. 
Coal fired, " 

r cent, of ash, ...... 

Combustible in pounds, 

ate-surface, square feet 

'I '-urned per sq. foot of grate, per hour, lbs., 
Water evaporated : 

Per lb. coal under actual conditions, lbs.. 

combustible " 

coal from and at 212°, 

combustible 

Rated horse-power 

Ho.'se-power developed, 

D cr cent, above rated capacity, 



4 

36 

156 

M.426 

1.344 

7 
1.250 

25 



'3-44 



• » 



1 • 



• » 



• • 



it 



10.73 

"•53 
11.52 

1238 

122 

129 

5-7 



Test made at the Singer Mfg. Co.'s 
Kilbovvie, Scotland, May 26, 1884, by 
Leeders, superintending engineer. 

Coal used Anchinraith, bituminous. 

Duration of test in hours, . 

Average steam pressure. 

Average temperature of feed, . 

Pounds of coal burned, . 

Pounds of refuse, 

Pounds of combustible, . 

Percent, of ash 

Coal burned per sq. foot of grate, per hour. lbs. , 

Total water evaporated, in pounds. 

Water evaporated : 

Per lb. coal— actual conditions, lbs., 
11 from and at 212°, lbs., 
combustible, actual conditions, lbs., 
combustible from and at 212°, 

Rated horse-power, 

Horse-power developed, 

Ver cent, above rated capacity. 



shops at 
Frederic 



> t 



. 1 



7 
65 

2.072 

375 
1,697 
x8.t 
18.2 
17.500 

8.445 

9-340 

10.312 
11.404 

5« 

80.0 

76 



Test of two Babcock & Wilcox boilers, made 
at Lehman Abraham ^S: Co.'s New Orleans. La., 
June, 1S84, by Frederic Cook, M. E. 

Coal used, Pittsburgh bituminous. 
Duration of test in hours. 

Average steam pressure 

Average temperature of feed, deg^. K.ih., 

Pounds of coal burned, 

Pounds of refuse. .... 

Pounds of combustible. 
Percent, of ash, 

Coal burned per sq. foot of grate, per hour, lbs., 
W'ater evaporated : 

Per sq. ft. heating surface, per hour, . 
lb. coal— actual conditions, 
from and at 212*, 
combustible, actual conditions, II 
combustible from and at 21?°, 
Rated horse-power, .... 
Horse-power developed, .... 
Per cent, above rated capacity, 
Temperature in flue gases, 



11 
98 

«15 

12,162 

664 
11.498 

5-4 

18.0* 



. « 



. » 



.* 



• * 



• > 



• • 



435 

9o<>7 
10.628 

1 1 -056 

11.243 

3 B 

82.3 
520 



Test of two Babcock & Wilcox boilers, made 
at Rockland Paper Mills. WUniington, Del., May 
14 and 15, 1SS4, by Wm. Kent, M. E. 

Coa!, Wm. Penn, Schuylkill, anthracite. 

Duration of test, hours 

Average steam pressure by gauge, 

Average temperature of feed water, deg. Fah., 

Pounds of coal burned 

Pounds of refuse, 

Pounds of combustible, . 

Percent, of ash 

Coal burned per sq. foot grate, per hour, lbs M 
Total water evaporated. 
Water evaporated : 

Per lb. coal— actual conditions, lbs., 
fromand at 212 . lbs., 

combustible, actual condition, lbs. 

combustible, from and at 212°, 
Quality of steam, per cent, moisture. 
Draft in inches of water. 
Rated horse-power. 
Horse-power developed. 
Percent, below rated capacity, 
Temperature of flue gases, degrees Fah. 



*4 

758 

153-4 
'5M97 

2 ( 1 I 

ni<*>6 
13.20 
10.23 
139,059 



* 1 






8737 

9-576 
10.066 

11.626 

0.61 
0.16 

240 

204.9 
146 

33* 
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Test o( four Babcock cv Wilcox boilers at the 
Arlington Mills Mfg. Co.'s, Wilmington, Del., 
May 9, iSS3, by Geo. H. Barrus. M. E. 



Coal, anthracite pea. Sterling Mine, Shamnktn region. Pa. 

Duration of test, in hours, .... 

Average steam pressure, .... 

Average temperature of fc* 

Water evaporated in pounds. 

Coal fired in pound- ... 

Percent, of ash, .... 

Combustible in pounds, . ... 

Grate-surface, square feet, .... 

Coal burned per sq. ft. of grate, per hour, lbs., 

Water evaporated : 

Per lb. coal under actual condition*, lbs., 
11 combustible M 

coal from and at zi 

combustible, 
Rated horse-power, 
Horse-power developed. 
Per cent, above rated capacity. 



11 

106.2 

M5-3 

161,656 

19.043 

17-4 
15,726 

141.68 
12.22 






.• 



8. 4 1 
10. 2S 

1 
11.44 

488 

526 



Test of three Babcock & Wilcox boilers at 
the Arlington Mills Mfg. Co. 's, Wilmington, Del., 
May io, 1883, by Geo. H. Barrus, M. K. 

Coal, anthracite pea, Sterling Mine, Shamokin, Pa. 
Duration of test, in hours, .... n 

Average steam pressure, .... 105.4 

Average temperature of feed. 156.7 

Water evaporated, in pounds, 5.767 

Coal fired, in poun.U. ... 18,371: 

Percent, of ash. . .8 

Combustible, ... ... 15.47° 

Grate-surface, square feet 106.26 

Coal burned per sq. ft. of grate, per hour, lbs., 15.7a 

Water evaporated : 

Per lb. coal under actual conditions, lbs., 8.48 

14 combustible M " 10.07 

coal from and at 212©, 9.01 

" combustible M M 11.08 

Rated horse-power 

Horse-power developed, .... 502.x 

Per cent, above rated capacity, ... 371 



Test made at the Am. Grape Sugar Co.. Buf- 
falo, Jan. 20, 1SS5, on a Babcock & Wilcox boiler 
erected July, 1S7S, by Edwin Roat, Chief Eng. 



Bituminous coal, Pittsburgh. 

Duration of test in hours, .... 

Average steam pressure by gauge, 

Average temperature of feed water. 

Pounds of coal burned, 

Pounds of combustible, ... 

Per cent, of ash, ..... 

Coal burned pcrsquare ft. grate, per hour, n>-> . 

Total water evaporated at temp, of feed, 

Water evaporated : 

Per sq. ft. heating surface, per hour, IS*;., 
14 lb. coal — actual conditions, 
1 4l —from and at 212 , 
combustible actual conditions, lb 
combustible from and at 212 , lbs.. 

Rated horse-power, 

Horse-power developed, 

Per cent, above rated capacity, 



11 »t 



• » 



. 1 



10 
68. 

121.42 
15,065 
13,700 
9.06 

*5 

1 43,683 

4. 11 

9-53 
10.88 

10.48 

11.97 

300 

5*9-4 
76.4 



Test of two Babcock & Wilcox boilers, made 
at the PeacedaU M%, Co., Peacedale, R. I., Dec, 
1SS2, by Geo. H I'. amis, M. E. 

Coal, ^ Powclton bituminous, 14 anthracite screening- 
Duration of test, in hours. 
Average steam pressure, .... 

Average temperature of feed. 
Water evaporated, in poun< 
Coal fired, in pounds, .... 

Per cent, of ash, 
Combustible, in pounds, 

'-rate-surface, square feci, ... 
Coal burned persq. foot of grate, per hour, lbs 
Water evaporated : 

Per lb. coal under actual conditions, lbs. 

combustible " 

c»al from and at 212°, 

combustible 
Rated horse-power, 
Horse-power developed , 
Per cent, above rated capacity, 



1 1 



« 1 






-• 



10.25 
77.50 
38 

14.287 

b e 

13,025 
70 
20 

9.32 
10.22 

tx. 32 

12.42 

284 
44770 

57 



Test of two Babcock & Wilcox boilers, made 
.it Miami Soap and Oil Works, Cincinnati, O., 
August, 1SS2, by J. W. Hill, M. E. 



Coal, Pittsburgh sfacA\ burned with force blast. 

Duration of test 

Average steam pres>ui 

Average temperature of feed, , 

Water evaporated, lbs 

Coal fired, .... 

Percent, of ash. 

Combustible, lbs.. 

Grate-surface, . . .... 

Coal burned persq. foot of grate, per hour, lbe 
Water evaporated : 

Per lb. coal under actual conditions, 
'■ combustible, M 

coal from and at 212 , 

combustible 
Rated horse-power, .... 

Horse-power developed, .... 
Per cent, above rated capacit 



■* . 



8 

51.72 
74.0x6 
si. 220. 79 

7.365 

12.31 

6,460 

49833 
M-77 

6.954 

7,928 
8.136 

9.236 

146 
249.69 

71 



Test of two Babcock & Wilcox boilers, made 
at the Mill Creek Distillery, Cincinnati, O., by 
J. W. Hill. If. !•:., September, 1882. 

Coal, Pittsburgh lump, 3d pool. 

Duration of test in hours, 10 

A verage steam pressure, 63.975 

Average temperature of fee«J, ... 132 
Water evaporated, in pounds, . 1 12,663.455 

Coal fired, in pounds, .... 12,000 

Per cent, of ash 4-81 

Combustible, in pounds, ..... 11,421. -5 

Grate-surface, square feet, .... 43-5 

I il burned per sq. foot of grate, per hour, lbs . 27.5 
Water evaporated : 

Per lb. coal under actual conditions, lbs., 9.388 

11 combustible, ,% " " 9-863 

coal from and at 212 , 10.467 

11 combustible rt M 10.997 

Rated horse-power, *4° 

Horse-power developed, .... 418.7 

Per cent, above rated capacity, . . - 74*4 
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and at 212° F. 
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Pounds of combustible burned 
per hour per sq. ft. of surface. 



Pounds of combustible burned 
per hour per sq. ft. of grate. 



Water evaporated per pound 
of combustible from and at 



312°. 



Per cent, of moisture in steam. 
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Horse-power of boilers ..^> 
rated. 



Actual Horse-power ■■ 30 lbs. 
water evaporated per hour 
from 100? at 70 lbs. pressure. 



Per cent, of Rankine's "stan- 
dard." 



Per cent, theoretical evapora- 
tion practical with anth. coal. 
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AVERAGE COST OF REPAIRS 

OF BABCOCK & WILCOX BOILERS IN THE PAST SEVENTEEN YEARS. 

The following facts are gathered from a large number of answers to a circular of ittouiry sent to all our older 

customers. Sufficient replies iv<re received to in< hide over 100,000 horsepower, the repairs to the heating 

surface of which, due to ali causes, have averaged less than 5 cents per horse-power per year, of 300 

days at 12 hours per day; boilers which have run night and day being credited with the extra 

running time- The list vould have been more complete^ and made a still better show- 

ing but for the fact that a number of our best customers declined to give 

facts pertaining to their business for publication. 



DECASTRO & DONNER SfGAR REFINING Co., 

28S0 H. P. Average time, 13.6 years, night 
and day. Total repairs, 6c. yearly per H. P. 

Singer Manufacturing Co. (Case Factory), 

South Bend, Ind., 900 H. P. Average time, 

12^ years. Total repairs, -j^c. yearly per II. P. 

" Very bad feed-water carry heavy fires and force 

them beyond their rated capacity in one instance we 

had to replace two heads and four tubes that were broken 
and blistered by a careless fireman heating an empty 
boiler red hot % and then turning on the feed water I / 
Instead of a disastrous explosion that would have fol- 
lowed with other boilers, we lost the above parts and twp 
days' time." Lbighton Pine, Manager. 

American Glucose Co., Buffalo, N. Y. 3050 
H. P. Average time, 9.8 years. Total re- 
pairs, 4c. yearly per II. P. 

New York Steam Co. 13900 H. P. Average 
time, 3.92 years, night and day. Total repairs, 
^ 4 c. yearly per H. I\ 

Rosamond Woolen Co., Almonte, Ont. 360 
H. P. Average tin* years. Total repairs, 
lf&C- yearly per H. P. 

Bound Brook Woolen Mills. 600 II. P. 
Average time, S. 1 years. Total repairs 2c. 
yearly per H. P. 

Raritan Woolen Mills. 1060 II. P. Aver- 
age time, 6.7 years. Total repairs, nothing. 

i C. Knight & Co., Philadelphia. 2000 
H. P. Average time, 5 r 4 years. Total re- 
pairs, ic. yearly per II. P. 

Conglomerate Mining Co. ifioo II. P. Aver- 
age time, 3 years. Total repairs, nothing. 

'The boilers in every way come up to our highest 
expectations. 11 Hi C. Davis, Pres't. 

Boston Sugar Refining Co. 1250 II. P. 
Average time, S};? years. Total repairs, 4 1 1 w c. 
yearly per II. P. 

11 Were put in early in 1880 ; have been in constant use 
night and day ever bince." 

C Gilbert, Pes Moines, Iowa. 4S8 II. P. 
Average time, 5 years. Total repairs, 3^jC. 
yearly per H- P. 

Brooklyn Si/gar Refining Co. 5464 II. 1*. 
Average time, 7>£ years, running night and 
day. Total repairs, i^c. yearly per H. P. 

John Crossley & Sons, Limited, Plantation, 
Louisiana. 1260 H. P. Average time, 3^ 
years. Total repairs, nothing. 



Portage Straw Board Co., Circleville, O. 

1472 H. P. Average time, $\ years. Total 

reparis, 3/^c. yearly peril. P. 

11 These boilers have been worked hard a great portion 
of time and have given good satisfaction. ** 

Jno. L. Tafi in. Manager. 

Bay State Si-gar Refining Co., Boston. 
798 H. P. Average time, 7.3 years. Total 
repairs, ^c. yearly per H. P. 

These bnilers have been constantly driven at their 
highest capacity ever since their installation, until the 
present winter, and the cost of repairs to heating surfaces 
in that time has been $82.53." J- F- Stillman, Supt. 

Wheeler, Madden & Clemsen M'f'g. Co. 
Middletown, N. V. 244 II. P. Average time, 
5 years. Total repairs, nothing. 

"We think this a very good record, and are very 
much pleased with the boilers/ 1 

Jon. II. Gates, Burlington, Vt 244 H. P. 

Average time, 5 years. Total repairs, nothing. 

Rtmi ord Chemical Works. 279 H. P. Aver- 
age time, 5 j ears. Total repairs, nothing. 

'No expense on account of repairs to hearing sur- 
faces for either of them, since they were put in." 

N. D. ARNOLl , Treas. 
TYTUS PAPER Co., Middletown, O. 650 H. P. 
Average time, 6 years, night and day. Total 
repairs, ( irly per II. P. 

Solvay Proi i ss Co., Syracuse, N. Y. 3456 
II. P., from 6 to i ! 2 years. Average time, 
2.6 years, night and day- Total repairs, i}£c. 
yearly per H. P. 

11 The only repairs we have had to make are (or new 
tubes when they have been burnt out. As you are well 
aware the water which we use at Syracuse is very hard 
upon boiler tubes, and we suppose we have burnt out 
more on this account than if the water had been good." 

F. R. Hazard, Treas. 

M I believe our repairs would have been greater had 
we used the tubular type of ordinary design." 

W. B- Cogswell, Manager. 

The Wardlow Thomas Pater Co., Middle- 
town, O. 600 H. P. Average time, 6 years. 
Total repairs, nothing. 

"Easily managed, economical in coal, attendance 
and repairs; and the element of safety under our hard 
firing is a source of much satisfaction to us/" 

O. II. Wardlow , Pres't. 

\V. A. Wood, M. &. R. M. Co. 360 H. P. 

Average time, 4 r fi years. Total repairs, 1 x - a c. 
yearly per H. P. 

1 We consider them as good as new to-day, and can 
recommend them as economical both in repairs and fuel." 

J. M. ROSEBROOKS, Sup't. 
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STAZIOXE CEXTRALE D'lLLUMIXAZIOXE ELETTRICA 

A MILANO I SANTA RADEGONDAI 



SEZIONE TRASvERSALE 

BCAL«Ol t.UUM. PEWMETHO. 




Babcock L Wilcox Boilers at the Societa Generaie Italiana di Elettricita, Sistima Edison, Milan, Italy, 9 order*. 

from August, 1882, to July, 1889. Total, 2,547 H. P. 
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Marcus Moxham Sc Co., Swansea, Wales. 
104 H. P. Average time, 1% years. 

" It has not cost us a penny for repairs." 

Laing, Wharton & Down, Electricians, 
London. 85 H. P. Average time, 2.3 years. 

M As regards repairs they have got to come, as they 
have not yet cost anything. 1 ' 

Carnegie Brothers & Co., Pittsburgh, 
900 H. P. Average time, 5 years. Total 
repairs, i^c. yearly per H. P. 

11 The total repairs to heating surfaces in that time 
has been $50." Carnegie Bros. & Co. 

Ransomes, Sims & Jefferies, L'd., Ipswich, 
England. 35 H. P, Average time, 4$g years, 
Total repairs, nothing. 

u The repairs appear to have been about £7 for brick- 
work." Ransomes, Sims & Jekferies, L ? d. 

Crocker Chair Co., Sheboygan, Wis. 225 
H. P. Average time, 7 years. Total repairs, 
ic. yearly per H. P. 

The total cost of repairs to heating surfaces in 
that time has been not to exceed $15. We do not hesitate 
to say that it is the best boiler we have ever used. 1 * 

Eagle Paper Co., Franklin, O. 250 H. P. 
Average time, 4^ years. Total repairs, 22c. 

yearly per H. P. 

41 We are well pleased with them." 

D. B. Anderson, Manager. 

FlELDHOUSE & DUTCHER MANUFACTURING Co. 

Chicago, 75 H. P. Average time, 6 years. 
Total repairs, ii T Vc. yearly per H. P. 

11 Consider your boiler to be the most economical and 
best made." 

Louisiana Sugar Refining Co. 960 H. P. 

Average time, 5 l £ years. 

M The cost of repairs is very moderate." 

John S. Wallis, Pres'L 

North Bend Plantation, Louisiana. 400 
H. P. Average time, 10 years. Total re- 
pairs, n^c. yearly per H. P. 

Francis Axe Co. 136 H. P. Average time, 
5iV years. Total repairs, nothing. 

Welham Estate, Louisiana. 240 H.P. Aver- 
age time, 2 years. Total repairs, nothing. 

" I have used the boiler with perfect satisfaction." 

Wm. E. Brickell, Agent. 

Joseph Schofield & Co. Littleborough, 
Manchester. 156 H. P. Average time, 2% 
years. Total repairs, i^c. yearly per H. P. 

Seth Thomas Clock: Co. 125 H. P. Aver- 
age time, 7 years. Total repairs, nothing. 

1 The only cost has been the amount spent on account 
of burning up of fire-box furnace brick." 

Wallace & Sons. 400 H. P. Average time, 
7 years. Total repairs, jfce. yearly per H. P. 

'They are apparently in perfect condition now." 

Foos & Barnett. 125 H, P. Average time, 
7 years. Total repairs, nothing. 

*" Have not cost one dollar for repairs— simply new 
^rate bars. Think they are ffood economical boilers." 



Cortland Wagon Co. 82 H. P. Average 
time, 6 years. Total repairs, nothing. 

11 No outlay for repairs. We consider this remarkable 
because we have forced the boiler from the beginning." 

Eagle Square Manufacturing Co., South 
Shaftsbury, Yt. 200 H. P. Average time, 

5V2 years. Total repairs, nothing. 

11 Have purchased a few fire brick to go between 
tubes. We have found no other repairs necessary.' 

F. L. Mattison, Treas. 

Paine Lumber Co., Oskosh, Wis. 416 H. P. 
Average time, 4 years. Total repairs, nothing. 

11 Have been using the ordinary boilers with both 
large and small tubes for thirty years past, and regard 
your boilers as more economical.*' 

Paine Lumber Co. — A. B. Ideson. 

P. P. Mast & Co., Springfield, O. 85 H. P. 
Average time, S}.£ years, night and day. 
Total repairs, 3 T V- yearly per H. P. 

"We regard it as the best boiler e r er used by our 
Company, and think it has no equal in the market. After 
all this hard usage equal to 14 years, we find it still in 
good condition. " P. P. Mast & Co. 

Edison Electric Illuminating Co. of Piqua. 
O. 100 H. P. Average time, 5^ years. 
Total repairs, 4/5C. yearly per H. P. 

Hallet & Davis Co., Boston. 104 H. P. 
Average time, 6 years. Total repairs, 5c. 

yearly per H. P. 

"Our repairs to boiler have been for new nipples in 
mud-drum in Aug., 1887, which is certainly a very 
creditable showing." Hallet & Davis Co. 

H. D. Smith & Co.,Plantsville, Conn. 75 H. 
P. Average time, 8 years. Total repairs, 

nothing. 

11 We know of no other boiler that would do the work 
that this is doing-." H. D. Smith Sc Co. 

F. A. Poth Brewing Co., Philadelphia, 400 
H. P. Average time, 4 years. Total repairs, 
i-j^c. yearly per H. P. 

J. L. Clark, Oshkosh, Wis. 107 H. P. Aver- 
age time, 6% years. Total repairs, ^c. yearly 
per H. P. 

41 Develop at least one-third more work than rated. 
We cannot speak too highly of your boilers. They are 
simply perfect." J. L. Clark. 

Societa Generale Italian* di Elettricita, 
Sistema Edison, Milan, Italy. 1476 H. P. 
Average time, 3J2 y^ ar s. 

*' The repairs have consisted in the changing of 4 
tubes and about 220 rivets (not counting the last accident 
due to carelessness of the firemen "). 

L'Amministratore Delegato — J. Columba. 

Union Iron Works, Johnstone, Scotland. 
104 H. P. Average time, 5 years. Total re- 
pairs, 3c. yearly per H. P. 

P. & P. Campbell, Perth, Scotland. 146 H. P. 
Average time, 2 years. 

11 The boilers have cost nothing for repairs them- 
selves, but the doors and furnace have cost about £+. 10c 



per annum. 
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P. & P. Campbell 
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Cheney Bros., So. Manchester, Conn. 350 
H. P. Average time, 7 years, 

"Running steadily for seven years, and during that 
time they have not cost us anything (or repairs to the 
heating surfaces." Cheney Bros. 

Toledo & Ohio Central R. R. 120 H. P. 
Average time, 7 2 3 years. Total repairs, i2j M c. 
yearly per H. P. 

11 The boilers have given entire satisfaction in every 
respect." J. B. Morgan, Master Mechanic. 

McAvov Brewing Co., Chicago. 832 H. P. 
Average time, 6 years. Total repairs, 10c. 

yearly per H. P. 

"Our experience with them has been to our entire 
satisfaction" Geo. Dickinson. Sec 

(Note,— One-half of total expense was due to broken 
headers caused by low water, because of water combina- 
tion becoming shut off.) 

Cornwall Bros., Louisville. Ky. 227 II. P. 
Average time, 8' 4 years. Repairs, nothing. 

Maginnis Cotton Mill, New Orleans. 624 
H. P. Average time. 6 years. Total repairs, 
ifoC yearly per H. P. 

Pioneer Mills. 150 H. P. Average time, 9', 
years. Total repairs, "slight.'' 

" (.est of repairs comparatively nothmp. No leaking 
of flues or boiler at any time." 

J. A. M. Johnston, Agent. 

Lawrence Rope Works, Brooklyn. 250 H. 
P. Average time, 7 yens. Total repairs, 
4c. yearly per II. P. 

James Martin & Co., Philadelphia. 208 H. P. 
Average time, 7^ years. Total repairs. 16c. 
yearly per H. P. 

"There has been but little cost lor repairs to them : 
those we have made being for a lew new tubes that be- 
came clogged or coated with scale on account of the very 
hard (iueti) water we are using. We cannot speak too 
highly of them. ' Jas. Martin & Co, 

Fairmount Worsted Mills, Philadelphia. 
400 H. P. Average time, 7.5 years. Total 
repairs, 6/ (( c. yearly per H. P. 

Wm. Whitaker & Sons, Philadelphia. 4S0 H. 
P. Average time, 7 years. Total repairs, 

nothing. 

Vanderbilt University, Nashville, Tenn. 

200 H. P. Average time, 6 years. Total re- 
pairs, 4c. yearly per H. P. 

4i Cost of repairs to heating surface on all the above 
during that time has been $48.25. The boilers during 
that time have given entire satisfaction. " 

Olin H. Landreth, Dean of Engineering DepH. 

Arlington Mills Manufacturing Co. 500 
H. P. Average time, 8 years. Total re- 
pairs, nothing. 

Somerset Manufacturing Co., Raritan.N.J. 
720 H. P. Average time, 7.5 years. Total 
repairs, nothing. 

New York & Brooklyn Bridge. 600 H. P- 
Average, %% years. Total repairs, nothing. 

"The boilers have done excellent service and have 
fcivenentire satisfaction/' C. C. Martin, Ch. Eng. & Sup't. 



Church & Co., Brooklyn, E. D. 5S4 II. P. 

Average time, 4.2 years. Repairs, nothing. 
Economist Plow Co., South Rend, Ind. 150 

H. P. Average time, 5 years. Total repairs, 

nothing. 

11 We believe it to be the most durable boiler made." 

Leichton Pine, Pres't. 

Union Metallic Cartridge Co., Bridgeport, 
Conn. 276 H. P. Average time, 4}.$ years. 
Total repairs, nothing. 

" The cost of repair? to heating surfaces of said 
boilers in that time has been nothing, We carry from 75 
to 80 lbs. all the time.'" A. C. Hobbs, Sup't.' 

Warder, Bushnell & Glessner Co. 650 

H. P. Average time, 3V years. Total re- 
pairs, 4 T ^c. yearly per H. P. 

44 The boilers are giving us the best satisfaction. M 

Chas. A. Bauer, Gen'I Manager. 

Chicago City Railway Co. iooo H. P. 

Average time, 7 years, night and day. Total 

repairs, 4 T * c. yearly per H, P. 

The boilers have worked well and proved very 
satisfactory." C. 15. Hoi Sup't. 

Sheboygan Manufacturing Co. 333 H. P. 
Average time, 8 years. Total repairs, 4c. 
yearly per H P. 

"We have found them economical, easily kept in 
running order, and in all ways entirely satisfactory, and 
should we need additional power would use no other 
boilers.* 1 G. L. Holmes, Preset and Gen'I Manager. 

Jackson & Sharp Co., Wilmington, Del. 467 
H. P. Average time, 5^ years. Total re- 
pairs, 1 jY.c. yearly per H. P. 

"Have cost nothing for repairs to heating surfaces, 
except through the carelessness of our fireman, who. sc 
after starting the first boilers, allowed the water to get 
too low and burst three or four headers, but doing no 
other damage. We consider them safe and economical 
steam generators." 

The Jackson & Sharp Co., by Chas. S. Robb. 

South Bend Toy Manufacturing Co. 61 
H. P. Average time, 4 years. Total repairs, 
2*£c. yearly per II. P. 

" We consider these boilers the safest and most 
economical in the market." F. H. Badet^Scc &Treas. 

Columbus Buggy Co., Columbus, O. 800 H. 

P. Average time, 7 years. Total repairs, 
i r * u e. yearly per H. P. 

" We consider them the best boiler in the market 
and we are now evaporating^, lbs. of water to one pound 
of poor slack coal.'* Fred. Weadok, Sup't. 

Edison Electric Illuminating Co. ov n. Y. 
900 H. P. Average timer, 7 years. Total re- 
pairs, nothing. 

"They give plenty of dry steam and have been 
absolutely tight at all times. The boilers have shown 
unusual ability to carry a constant pressure under the 
extreme and sudden fluctuations, which are unavoidable 
m an electric light station." C. E. Ckinnock, V, Pres. 

Kennesaw Mills Co., Marietta. Ga. 200 H. 

P. Average time, 7 years. Total repairs, 

2^c. yearly per H. P. 

" You will see that the repairs on our boilers have not 
cost very much for the last 7 years/ 1 J. R. Buchanan. 
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E. Greenfield's Son & Co., Brooklyn. 160 
H. P. Average time, 4 years. 

"They show no signs of wear, therefore probably 
will not need repairing for some time to come. We con- 
sider them the best boilers we have ever used.* 1 

Black & Germer, Erie, Pa. 92 H. P. Aver- 
age time, 4 years. Total repairs, nothing. 

11 Is easily cared for and economical in the consump- 
tion of fuel." 

Planters Sugar Refining Co., New Orleans. 
292 H. P. Average time, 6 years. Total re- 
pairs, nothing. 

41 The only expense attached to them has been new 
prate bars and fire brick work." John Barkley, Pres't. 

S. S. Hepworth, Vonkers, N. V. 104 H. P. 
Average time, 4/ r years. 

During all this time it grave nr> trouble whatever, 
and did not cost one penny for repairs." 

Wilson & McCallay Tobacco Co. 300 
H. P. Average time, 5 years. Total repairs, 
4jc. yearly per H. P. 

John Collins, Denny, North Britain. 425 
H. P. Average time, 3^ years. 

"The repairs to heating- surfaces have been slight, 
and caused by an unfortunate admission of grease to feed 
water in the case of my 140 H. P. boiler. With this ex- 
ception, which of course arose from no fault of yours, 
the boilers have done -*ood and heavy work and given 
me satisfaction. M John Col 

Singer Manufacturing Co. Kilbowie, Scot- 
land. 2106 H. P. Average time, 4J0 years. 
Total repairs, -Jc. yearly per H. P. 

1 We have much pleasure in sending you particulars 

of boilers as requested Total repairs, ^3.19.3, which 

we corsider highly satisfactory." 

Nova Scotia Sugar Refinery, Halifax, N. S. 
800 H. P. Average time, *]% years, night 
and day. 600 H. P. since iSSu; 200 in 1SS5. 

Total repairs, i>£c. yearly per H* P. 

' We have pleasure in saying we consider them first- 
class boilers in every respect." J. A. Turnbull, Man. 

Kennedy's Patent Water Meter Co. L'd., 
Kilmarnock, Scotland. 51 H. P. Average 
time, 6 years. Total repairs, nothing-. 

11 Repairs confined to re-cxpanding one tube. The 
cost was trifling/" Thus. Kbnkbov. 

Bent Colliery Co. L'd. Bothwell, Scotland. 

480 H. P. Average time, 4^ years. 

'The cost of repairs during that time has been 
trifling. I think two short tubes were renewed. The 
boilers have been constantly at work." Jas. S. Dixon. 

Corporation of Aberdeen Gas Works, 
Scotland. 93 H. P. Average time, 3 years, 
night and day. Total repairs, nothing. 

The boiler continues to give great satisfaction. M 

Alex. Smith. 

The Square Works, Ramsbottom, England. 

136 H. P. Average time, 4 years, night and 

day. Total repairs, 9&C- yearly per II. P. 

'Since Feb. 5th, 1884, night and day work, 16/6 ex- 
cept the breakdown through being short of water, which 
co*t £21.17.4 to repair." Hepburn & Co. 



Whitmore & Sons, Edenbridge, Kent, Eng- 
land. 100 H. P. Average time, 3 years. 

M Have not spent one penny on the boiler." 

Miller & Co., Foundry, Edinburgh, Scotland. 
240 H. P. Average time, 3 years. Total re- 
pairs, nothing. 

'Only expense has been some repairs to the Brick- 
work in connection with the Stoker. M Miller & Co. 

Carthness Steam Saw Mill, Wick, Glasgow. 
146 H. P. Average time, 2 l £ years. Total 
repairs, nothing. 

"We are well pleased with your boilers, and can 
with confidence recommend them to any firm wishing to 
economize their working expenses." Alex. McEwen. 

Georgie Mills, Edinburgh, Scotland. 146 
H. P. Average time, 3^ years, night and 
day. Total repairs, nothing. 

"Neither boiler has required any repairs to heating 
surfaces." J. &, G. Cox. 

J. & T. Boyd, Iron Works, Glasgow. 208 
H. P. Average time, 2 fa years. 

"One of these has worked nearly 5 years and the 
other about half that time without any repairs what- 



ever. 
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Dubois & Charyet-Colombier, Armenti^res, 
France. 476 H. P. Average time, 3 years. 

"These boilers have worked to our entire satisfac- 
tion since 2d November, 18S5, without as yet any repairs 
whatever." 

Arrol Brothers, Bridge Builders, Glasgow. 

146 II. P. Average time, $% years. 

M Cost of repairs to heating surface is as yet nothing. 
It gives us pleasure to hand you this information, which 
is entirely at your own disposal.'* Akrol Ijros. 

James Eadie & Sons, Tube Works, Glasgow. 

64 H. P. Average time, 5 years. 
w Repairs to beating surfaces, none." 1 

Hughes & Sox. Meole Brace, Shrewsbury, 
England. 61 II. P. Average time, 4 years. 

M Has up to now cost us nothing* whatever for re- 
pairs. We can only repeat that we are very much 
pleased in every respect with your boiler.'* 

Westinghouse Air Brake Co., Pittsburgh. 
92 H. P. Average time, ±% years. Total 
repairs, 4c. yearly per H. P. 

"The repairs have been merely nominal, being con- 
fined to the re-expanding- of a few tubes and the re- 
placing of two or three hand hole covers, at a total cost 
probably not exceeding $15. The boiler has given entire 
satisfaction." H. A. W'e^tinghocse, General Manager. 

Carthage Water Works. 122 H. P. Aver- 
age time, 6*< years. Total repairs, nothing. 

41 They are practically as good as when we put them 
in; there is not a blister or scale on the tubes. The 
fire has not been out since we first started up in January, 
1882." C. S. Bartlett, Manager. 

J. PoiNGs, Jr., Newerk, Germany. 120 H. P. 
Average time, 3 years. 

u Has been running 3 years without needing any re- 
pairs up to this time.* 1 J. Pongs, Jr. 

Carron Co., Carron, Stirlingshire, N. B. 416 
H. P. Average time, 4 years. Total repairs, 
nothing. 
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bcock & Wilcox Boilers 
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The following partie> are among those to whom we have sold boilers in the past twenty-two years. We 

would call particular attention to the numerous instances in which repeated orders have been 

given after years of use. This single fact tells more than volumes of certificates. 



STEAM HEATING AND POWER. 

NEW YORK STEAM COMPANY, New York, . . 16 orders, 1S80- 

"VAN CORLEAR" (Apartment House), New York, 3 orders, 1S7S- 

"DAK.nl V "■ 1 Apartment House), New York 3 orders, 1882- 

THE ALBANY APARTMENT HOTEL COMPANY, New York, 2 orders, 1S79- 

THE EDWARD CLARK ESTATE, Office Building, New York, .... Jan, 

THE LEXINGTON IMPROVEMENT COMPANY OF IHI l [TY OF NEW YORK, Jan., 

"MADRID" (Apartment House p, New York, . . . May, 

" BARCELONA " (Apartment House), New York, . . . Ma 

COLUMBIA COLLEGE, School of Mines. Nov York, . .2 orders, 1879- 

COLLEGE OF THE CITY OF NEW YORK, . . . Dec., 

NEW YORK PRODUCE EXCHANGE, New York 2 orders. 1884- 

CONSOLIDATED STOCK AND PETROLEUM EXCHANGE, New York Oct., 

MUTUAL LIFE INSURANCE COMPANY, New York, 2 orders, 1SS4- 

I u STILLMAN, New York 2 orders, 1881- 

CORPORATION OF TRINITY CHURCH, New York, 2 orders, 1S79- 

NURSERY AND CHILD'S HOSPITAL, New York, ... April. 

DEPARTMENT OF DOCKS, Pier A, N. R, New York. a orders, 1885- 

CRIMINAL COURT BUILDING, New York Feb. 

NEW YORK ORTHOPAEDIC DISPENSARY, New York, . . . Jan, 

IMMIGRANT STATION, Ellis Island. New York Harbor. . -rders, 1891- 

HARLEM COURT HOUSE New York . . July. 

I: I NWICK HA I I . New York, .... orders, 1883- 

II 1 EPHONE BUILDING, *8th Street. New York, .... June. 
BAKER, SMITH & CO., New York, 10 orders, 1882- 

June, 
April, 
Aug., 

S.-pt 
June, 



PLAZA HOTEL, New York 

II- HI \ND HOTEL, New York. 

WALDORF HOTEL. New York, . . 

NEW NETHERLANDS HOTEL. New York, 

l NITED CHARITIES' BUILDING, New York, 



MENDELSSOHN BUILDING, New York ... April, 

BRAD1 EY BUILDING, New York, . . Dec, 

OKAW BUILDING, New York, . . May, 

HEMENWAY ESTATE, New York, . , June, 

NEW YORK COLLEGE FOR TRAINING [*EACHERS, New York, . . irders, i£ 

GILLIS & GEOGHEGAN, New York, 4 orders, 188 3- 

POSTA1 rELEGRAPH CABLE COMPANY New York Not 

fOHN O'NEIL, Restaurant, New York ...... July, 

W 1 CHRYSTII N> a York Aug., 

LEAKE -v WAl rS ORPHAN ISYLUM, Mount St. Vincent, New York, Oct., 

.11 1 I RES1 RVI 1 11 l INS1 RANI ECO New York, June. 

NEW \'>kk STOI K EXI HANGE, New York, Ju 

CORN EXi HANG! BANK, New York, ... pVug., 

\11MM\I INSUR VN< 1 l CO N« ■■ York, Sq 

HOM1 l II 1 INSI R \M I CO., New York Ocl . 

HARD K FOX, I" cue Building, New York, . Dec., 

LAWYERS PITLE INSURANCI CO.,NewYoil Jan. 

DING AND DRIVING CLUB, Brooklyn, N. ^ Oct., 

I NION M IG! I I LUB, Brooklyn, N. Y - - Auf 

ID1 1 EPISCOPAL HOSPITAL, Brooklyn, N Y. . .... Jan, 

Willi LOCKEFELLER, Residence, near Tarrytown, N. \ ig., 

PAUL'S SCHOOL OI nil o ITH ED RAL, Garden City, N Y No 

11 1 NIVERSITY, Ithaca, N. \ - • rders, 1S85- 

ROUS1 MEMORIAL C0LLEG1 N. Y., . July, 

■ I HAMLIN, Buffalo, V Y . June, 

IR0Q1 OIS IPO 1 1 Buffalo, X \ . . • - ■ aorders, iSSS- 

1 W Mill IK. Buffalo, X Y ....... Sept., 

iMUND M WOOD & CO., Nurserj Boston. Mass., . .... lug., 

MASSACHUSETTS INSTIT1 11 OF TECHNOLOGY Boston, Mass 2 orders, 1888- 
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S85, 

893, 
B91, 
891, 

891, 
B8 3j 

883, 

S8 4 , 
890, 
887, 
892, 
882, 
882, 

879. 
886, 

891. 
891, 
892, 
891. 
885, 

889. 
892. 
889. 
890, 
89., 

89.. 
892, 
892. 

892, 
B93 . 

893. 
892, 

S90. 
890, 
890. 

893. 
893, 
893. 
893. 
893. 
893. 
894. 
890, 

89'. 

893. 

SS9, 

884, 

888, 
888. 
888, 

882, 
890, 



4 
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2 

2 

1 
2 

2 

5 
1 

4 

2 
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2 

3 
1 
2 

4 

2 

6 

2 

2 

2 

28 

4 

2 

4 

4 

3 
2 

2 

2 

2 
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3 

1 
2 

2 
2 
1 
2 
2 
2 
I 
2 
I 
I 
2 
I 
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3 
1 

1 

4 
2 

I 
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17.584 
268 

1. 176 

182 

60 

60 

122 

122 

400 

35 
864 
146 

987 

15° 
160 

50 

35 

544 

60 

816 

too 

50 

146 

3.470 
628 

448 
832 

640 

363 

137 

102 

190 

136 

432 
1,630 

725 

45 
102 

146 
3io 
156 
244 
304 
368 

J 07 
208 

50 
104 
200 
104 
T04 
561 
208 
208 
328 
102 

SO 
416 
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Bo ilt 

QUINCY HOI SE, Boston, Mass., . Oct 1890 1 

MASSACHUSETTS STATE H0US1 Boston Mass., lug. 1891 4 

rOHN HANCOCK MUTl \L LIFE INSURANCE COMPANY, Boston, Mas* |.,\ ■-,, 2 

WALKER BUILDING, Boston, Mass .... I . .. ,- tI , 2 

BIJOl THE \ I ki Boston, Mass 1 ici i8qj 2 

MARSTON'S EATING HOUSE, Boston, Mass March, 1893! 1 

( \Kiik BUILDING, Boston, Mass July, 1893, » 

iSTON HERALD CO., Boston, Mass., . July, , 2 

WESTINGHOUSE, Jr., Dwelling 1 Station. Mass .... M...iv^ 2 

ORCESTER POLYTECHNK INSTITUTE, Worcestei Mass., . July, 18J 1 

'RBI Sg w \i I \. 1 Springfield, Mass . . \ »ril, 18 2 

UNITED STATES NAVA1 I R FINING SI \\\<>\ .it, R. I., 1884-1893, 4 

N \\<l< VG VNS1 I I HOT1 I Providei R I . May, iS i 

RHODE IS1 \\l> Hi ISP1 I \i Providence R. I., . . rum . iS 2 

CENTRAI RAILROAD 01 NEW [ERSEY STATION Jersey Ci M.J . . Oct., 4 

rAYLOR'S H0T1 I., fereey ( ity, \ I , . . Oct., 1881, 1 

HAMBURG-AMERK W PACKET COMPANY Hobolcen, N I. I,. r88i, 2 

DR IBRAM COLES' BU NG, Newark N. J . . My, 1885, 1 

• "i \T\ "ii M"\ COURT HOI -1 Elizabeth \ 1 ers, 1874-18 2 

•LLEG1 1 IF \l W II RSI \ Princi ton, \ I . rs, 1879 18S , 2 

HID 01 I DUl ATION 1 ra I Plainficld N. J . . Maj 1 
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The Babcock & Wilcox Co., Cleveland Branch, Perry Payne Building, 



rHEODOR] H W l Ml VI R, Mount le i arm N I , . 

[LLIAM WJ U .11 IM \\, Ston s, Philadelph uPa., 

D WOOD & S< INS Philadelphia, P . . 

w -\ LVANIA R Ml ROAD O tMPANY, G Philadelp P 

EO II IRR1S, Philadelphia, P 

Ill I I U 'II B 01 I III S( HI \ I Kill lib Pa 

I M<>\ I I M.ll I I I 1:. Phib 

1 W 1 HILDS l Publi< I Igcr Building PI i 

H0TE1 LAFAYETTE, Philadelphia Pa 

LRD ESTAT1 Various stores Phil I 

IH \M Hi H -I . Philadelphia Pa . - . 
) ID1 LITYI? R \\. I rRl 51 AND SA1 J Dl Pi >SIT< OMP k t\ Philad. 
\\ IF. I 5' EYI Hi >SP1 I \l . Philadelphia, Pa . 
D B FULLER P lelphia, Pa 

Li I 1: \M 1ST i HI k< II, Philadelphia, Pa 

VI l N f S I HRIST1 W \SS( M I \ I 1"V Philade! >hi .. Pa 
•■Ii NORM \I S< HO( >1 . Philadelphia Pa .... 

Gil II I GE, Philadelphia, Pa 

B Wk - IF NOF I'll AMI RI< \. Philadelphia, Pa . . 

■ I HARRISON'S STORE S, Philadelphia Pa 

r.kS N MAWR Hul i.i., Bi n Mawr, Pa M . 



June, 1893, 

■I di 1 . 1872- i 
. . Aug., 1 - . 

rdera e88< i $87, 
. . June, 1 
. . June, 18 

1 lerSj i ■ 

t8S i, 
1 $76-18 

I . 1 

Jan , 1 

Sep! , 1 
J" *>, 

M irch, 1 

I eb , 1- m 

I - . >. 
Ipril, 1 
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33 
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3 

2 

2 
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3 
3 
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2 
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3 
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125 

832 
x 5 o 
200 
320 
100 
100 
500 
208 

5* 

200 
244 
150 
200 
368 

50 
208 

107 
100 

9* 

35 



53 

962 

100 
312 
120 
123 

400 
150 
230 
718 

584 
:8 4 

122 
I02 
!02 

208 
300 
400 

X2 4 

240 
300 
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Betters, 



Or ;E WESTINGHOUSE, Jr., Pittsburgh, Pa., June, 1SS7, 

WESTINGHOUSE BUILDING, Pittsburgh. Pa., Mar. f 1888, 

YANDERGRIFT BUILDlMi. Pittsburgh, Pa . Aug., 1890, 

E. M. & W FERGUSON, Office Huildings, Pittsburgh, Pa., Jan., 1891, 

SEVENTH AVENUE HOTEL, Pittsburgh, Pa., Oct., 1891, 

JOSEPH HORNE & CO., Store, Pittsburgh, Pa., Aug., 1892, 

HEEREN BROS. & CO., Pittsburgh, Pa Mar, 1893, 

WESTERN PENNSYLVANIA HOSPITAL FOR INSANE, Dixmont, Pa., Mar., 1890, 

JOHNSTOWN LIBRARY. Johnstown, Pa., Nov., 1890, 

LA NORMANDIE HOTEL, Washington, D. C Sept., ifl 

UNIT] D STATES CAPITOL, SEN WE WING, Washington, I >. C, a orders, 1887-1891, 

DEPARTMENT OF THE INTERIOR, Washington, D. C 3 orders, 1888-1892, 

SHOREHAM HOTEL, Washington, D. C July, 1S90. 

ARLINGTON HOTEL, Washington, D. C, . Aug., 1893, 

WESTERN LUNATIC ASYLUM, Staunton, Va. Sept., 1883, 

1 URAY CAVE AND HOTEL COMPANY, Luray, Va. May, 1887, 

HAMPTON NORMAL AND AGRICULTURAL INSTITUTE, Hampton, Va., July, 1888, 

KIMBALL HOUSE, Atlanta, Ga., Oct., 1884, 

DE GIVE'S OPERA HOUSE, Atlanta, Ga., Sept. r 189a, 

STATE LUNATIC ASYLUM, near MUledgeville, Ga orders, 1887-1889, 

HOTEL PONCE DE LEON, St. Augustine, Fla. April, 1887, 

TAMPA BAY HOTEL, Tampa, Fla. Aug., 1890, 

I ENTRAL KENTUCKY LUNATIC ASYLUM, Anchorage, Ky 2 orders, 1883-1 891, 

STATE COLLEGE OF KENTUCKY, Lexington, Ky., . 001,1891, 

THE VANDERBILT UNIVERSITY. Nashville, Tenn., 3 orders, 1880-1888, 

JERE BAXTER, Baxtei Court. Nashville, Tenn. \[.ril, 1889, 

THE FISK UNIVERSITY, Nashville, Tenn. 2 orders, 1890-1891, 

OHIO STATE UNIVERSITY, Columbus, O. j orders. 1890-1892, 

CHITTENDEN HOTEL, Columbus, O- «>ct.,i8yo, 

CHITTENDEN BUILDING, Columbus, O. June, 1892, 

SANITARY PLUMBING COMPANY, Columbus, O. Nov., 1892, 

OHIO INSTITUTE FOR FEEBLEMINDED YOUTH. Columbus. 0. Oct., 1890, 

OHIO HOSPITAL FOR EPILEPTICS, Gallipolis, O. . Feb., 1893, 

UNIVERSITY OF NOTRE DAME, South Bend, Ind., Sept., 1885, 

INDIANA SOLDIERS' AND SAILORS' ORPHANS 1 HOME, Knightstown, Ind., .... Sept., 1887, 

INDIANA REFORM SCHOOL FOR BOYS, Plainfield, Ind. July, 1889, 

NORTHERN INDIANA H< »PITAL FOR INSANE, Logansport, Ind., July, 1885, 

EASTERN INDIANA HOSPITAL FOR INSANE, Richmond, Ind July, 1885, 

SOUTHERN INDIANA HOSPITAL, FOR INSANE, Evansville, Ind., July, 1885, 

PURDUE UNIVERSITY. Lafayette. Ind., May, 1891, 

NORTHERN HOSPITAL FOR INSANE, Elgin. 111., Sept., 1885. 

FF BUILDING, Chicago, 111- Aug., 1881, 

CHICAGO I-' RLINGTON&QUINCY RAILROAD, Chicago. Ill Aug., 1887, 

A. J. STONE, Chicago, 111., Nov., 1891, 

city of Sandwich. Sandwich, 111. . - ■ ■ Aug.,i88*, 

LEPHONE BUILDING, Detroit, Mich. * June. 1S92, 

STATE COLM < I OF AGRICULTURE AND Ml SI UANIC ARTS, Ames, Iowa, ... May, 1892, 

GEORGE FULLER, St. Paul, Minn. Oct,, 1892, 

METROPOLITAN OPERA HOUSE, St. Paul, Minn, July, 1890, 

ARCADE BUILDING Paul, Minn., lug., 1890, 

HOWE, Duluth, Minn. Aug., 1891, 

CORN EXCHANGE, Minneapolis, Minn., July, 1892, 

»\\ DULUTH, MESABIC & NORTHERN RAILWAY, Biwabik. Minn-, . . . Oct., 189a. 
YORK LIFE INSURANCE COMPANY, St. Paul and Minneapolis. Minn., 

Ka !. Omaha, Neb, Montreal, Canada 5 orders, 1888-1889, 

VTION OF THE CITY OP DULUTH. MINN. ^orders, 1893. 

I \\ SMITH, San Francisco, Cal., May, 1890, 

P. LEPROHON, San Francisco, Cal Feb., 1889, 

H0TELP1 ANTON, San Fran Cal., June. i8->i. 

PACIFH I I I EPHONE AND TELEGRAPH COMPANY. San Francisco, Cal., . . Nov., 1891, 

DOI BUILDING, San Francisco, Cal., . Nov., 1891, 

IELMEY1 ..n Francisco, Cal Nov., 189 c, 

1 IH ;i rRO'S BATHS, San Francisco, Cal. Dec, j*qi. 

i IL LIFE INSURANCE BUILDING, San Francisco, Cal Oct., 1892, 

TALBATHS, San Francisco, Cal., Oct., 1892, 

PA( 1 1 IC PI IVTl R I I iMPANY, San Francisco, Cal., 2 orders, 18S5-1880, 

LNCISCO SAVIN CS UNION, San Francisco, Cal., . - Vug., 18Q3, 

Ml Die VL COLLEGE, San Francisco. Cal... . . - . Dec, 1893, 

April, 1885, 

April, 1893, 

April, 1891, 

May, 1892, 

. . Oct., 1892, 

March, 1893, 

July, 1893. 

Sept, 1892, 



.IVkRMTY nM'VLIFORNIA. Berkeley, Cal., 

[FORNIA INSTITUTION FOR THE DEAF AND BLIND, Berkeley, Cal, . 

D STANFORD, JR., UNIVERSITY, Palo Alto, Cal., 

INADO Bl \( II HOTEL, Coronado, Cal. 

IDBURY BUILDING. Los Angeles, Cal., 

ISYLUfifl FOR THE INSANE, San Bernardino, Cal . . . 

FRESNO' \TY COURT HOUSE, Fresno, Cil ... 

UNIVERSITY OF WYOMING, Laramie, Wy., . . 

n HALL, Tacoma, Wash., Feb., 189a , 
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Mi I ULL UNIVERS1 l\ , Montreal, Canada, 

Nl > 1 Ki DAME CATHEDRA] . Montreal, Canada 

HOOL OF PRACTICAL SCI1 \< I, Toront... - i mad 

PUB! IC BATHS, City of Mexico, Mex 

COMPANIA DE ALMACENES Dl, LKPOSl I- I I»' I v HAB w v I tiba 
GREENOCK PRISON, Greenock, Scotland. . 
CALTON PRISON, Edinburgh, Scotland, . . , 
DRUMSHENGH BATHS, Edinburgh, Scotland, . 
I I1V KPIDEMIC HOSPITAL, Aberdeen. 3. .tland, 

VAL INFIRMARY, Aberdeen, & .tland, , . 
I DINBURGH UNIVERSITY, Edinburgh, Scotland, 
* LSTMAN'S LTD., Ch< Ic st. t Glasgow, kotlan ... 

A. D. I 'I XX, Laundry, London, England 

LOND< >\ & TILBURY LAUNDRY ( OMPANY, niburj i >gland 
NATIONAL I JURAL i LUB, London, Enj . . 

PUTNEY SWIMMING BATHS, London, England 

BATTERSEA SWIMMIX*. r.ATHs I on.lon, England 



Betters 
Dec, 1889, 4 
June, i*8 7 . 
July, 1S90, 
Feb., 1884, 

Sept , iS84, 

Sept., 1885, 

2 orders, 1885-1386, 

1 orders, 18S4 1^X5, 

. . Feb., 18- 

1890—1891, 

April. 1 - 

Jan., 18941 

May, iWs, 

March, 18 

Vug . 1 S6, 

Oct . 1885, 
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The Babcock L Wilcox Co., Minneapolis Branch, Corn Exchange Building. 



MB* RWI I 1 1 ;R1 i N I'.AI HS, I ondon, 1 glau I ... 

« \\A D< 'MAN R< »AD I: VI HS, J ondon, l 1 
[SI ! D IN B ITHS, London, 1 igland, . . 
ID . . ROAD B M US, I ondon, 1 ind, 
A 1 ITT I, R. 5taurateurs, London, 1 ngland, 
ii iTl I * i;i 1 GR W I V LTD.. Londo 1 ngland , . 
GR1 IT NORTHERN HOSPITAL, Halloway, 1 ondon 1 ngland 
1 r[Rl S' SI H< h IL, Blackbui .. ) :. 

<\ 1 R( >S1 ROYAL LUXATU ISYLUM, Montrose, Engl u 
I III 1 NIV1 RSIT1 COLLEG1 Notti I igland, 

• .1 DOR! HOT1 I. Bournemouth, England 

D\ K.E Ol NORTH1 MB! Rl IND, \ Northumberland, England, 

HUDD1 IELD INDUSTRIA1 SOCIETY LTD., Huddersfield, I id 

LA COMPAGNI1 PARISH NN1 I 'I L'AIR O iMPRlMf . Paris, Fran. 
HOTEL Dl Mill l I D'Al BION, Paris I ran. ... 
L'H6PITAL INTERNATIONAL— PIAN, Pari I rana 
B \l\ 3 Dl M IDA Ml Dl BB1 ES, P I ran. 

1 «l 1 \n Si 1 I'M 1 . BOI 1 I I Paris, 1 ran© 
1 I < HAMR< »\ I Kl ■ 1 ■ 1 1 1 - l 1 ive Power, M u 

LLEG1 Ol 1 rF 1 N< »B1 1 l .- 

Mil COMTE A WERL1 CHATEA! DE PARGNY, Rheims, I ranc. 
I m 11 ! 1 |,i DAX SALINS THERMAL, DAX, France, 
1 SAUVEUR BATHS Brussels B 
BANQU1 RATIONALE M BELGIUM. Brussels, Belgium, . . . 
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Oct., 1891 , 


22 


Dec, 1891, 1 
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M.i\ , i> . : 


33 


Sept . 1891, I 


20 


March, 1893, 1 
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March, 1803, 1 


33 
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140 


- - Dec, 1893, 1 
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20 
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1,1- 1 


20 


Nov . 1^92, 1 


62 


lord rs, iS^ ^-1892, 2 
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120 


July, 18 I 


20 


fan., 18931 1 


46 


Aug., 1890, x 
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Beiltrs. 

E. DEBROUX, Brussels, Belgium Jwje. t***, i 

A MADOUX, Brussels, Belgium, Jr* '? X 

SPANISH GOVERNMENT, PAR< D'ARTILLERIE, Madrid, Spain, Oct., I 

Gl RMAN EMBASSY, Madrid, Spain - J ul >- x 

LIMBURG AtiRk I Ml U.M EXHIBITION, Lirabuig, Germany - . Jan --»4, i 

THE MOORBAD, Hydropathic Baths, Carlsbad, G nnany, 2 

T>K. W1NTERNITZ, Hydropathic Establishment, Kaltenlentgebeo, iustri ... . . x 

VESTERFAELLED PRISON, Municipality of Copenhagen, Denmark - • Jan.. > » 3 

HENRY ERNST, Architect, Zurich, Switzerland • Sept., 1 3 

IM )S*r o|-'I UK, vhristiania, Norway, 

I'os'l «>I I KK, Kiode Janeiro, Braril 

A I ALEXJEFF, Passage, Moscow, Russia 2W * *• 

I BLOCK, Moscow, Russia, J **;* "J °* 

TECHNOLOGICAL INSTITUTE, Charkoff Russia M' nl 1 * 

Ttl I \ TR1 l ity ol 1 ordova, I a Plata, N ' l 



4 order- 1891-1 
. . March, if 
Dec., i v 
rders, 1 891, 

. . June 



I-LECTRIC LIGHTING, Etc. 

CONSOLIDATED ELECTRIC LIGH1 COMPANY OF MAIM.. Portland, M< . . Ma: *■ 2 

rHOMSON-HOUSTON INTERNATIONA! ELE< I'KIC CO., Boston, Mass 

BOSTON ELECTRIC LIGHT CO.. Boston, Mass 

WALTHAM GAS LIGHT COMPANY, Electri< Plant, Waltham, Mass 

SOMERVILLE ELECTRIC LIGHT COMPANY, Somerville, Mass ...... 

NEW BEDFORD GAS VND EDISON LIGHT COMPANY, New Bedford, Mass 

AMERICAN II l< rRICAl WORKS, Providence, K. I Aug., 18 

THI NARRAGANSETT ELECTRIC LIGHTING COMPANY, Providence, B 1 . . . July, iS 

TH1 NARRAGANSETT ELECTRIC LIGHTING COMPANY, M * *' mal' buili 

NEW HAVEN III' IK' I' COMPANY, Ne« Haven, Conn. 2 orders. 1S88-1* 

BRIDGEPOR1 ELECTRIC LIGHT COMPANY, Bridgeport, Cona 3 orders, 1 SS9-1 > 

ONECO MANUFACTURING COMPANY, New London, Conn 

EDISON GENERA1 ELECTRH COMPANY, New York 5 orders, 18 

KDISON ELECTRIC ILLUMINATING COMPANY, New York isorders.i 

EDISON ill' rRIC ILLUMINATING COMPANY Boston, Mass., .... 4"' -. ' y -"-^ 
EDISON ELECTRIC ILLUMINATING COMPANY, Lawrence, Mass orders,! U 

EDISON ELECTRIC ILLUMINATING COMPANY, Newburgh, N "» 

EDISON ELECTRIC ILLUMINATING COMPANY, Paterson, N. J 4orders,i* 

EDISON ELECTRIC ILLUMINATING COMPANY. Philadelphia Pa., . . .... Mar., 1893, 

EDISON ELECTRIC ILLUMINATING COMPANY, Sharnokin, Pa 3 order*. ■»-*vif 

M'lN'N 11 1 ' 1 I'M ILLUMINATING COMPANY, Bellefoate, Pa. 2 orders 1883-1 

EDISON ELECTRIC ILLUMINATING COMPANY, Mt. Carmel, Pa Nov., it 

EDISON ELECTRIC ILLUMINATING COMPANY, Brooklyn, N \ a orders 1889-18 

EDISON ELECTRIC ILLUMINATING COMPANY, Tiffin, Ohio Nov it 

EDISON ELECTRIC ILLUMINATING COMPANY, MIddletown, Ohio, 2 orders, 1883-18 

EDISON ELECTRIC ILLUMINATING COMPANY, Piqua, Ohio, Mar., 1884, 

EDISON ELE( rRIC ILLUMINATING COMPANY, Columbus, Ohi I 

EDISON ELECTRIC ILLUMINATING COMPANY, Detroit, Mich orders, 1891-18 

LI >IS( >N ELECTRIC ILLUMINATING COMPANY, New Orleans, La., Ju 

EDISON ELECTRIC ILLUMINATING COMPANY 3 rttle, Wash, June, 18 

CONSOLIDATED ELECTRIC LIGHT COMPANY, New York 2 orders. . 

UNITED STATES ELECTRIC LIGHT COMPANY, New York and Newark, N. J., . borders, 18S0 
EXCELSIOR ELECTRIC COMPANY, Brooklyn, N. Y., Sept., 18 

WESTINGHOUSE ILLUMINATING COMPANY, Schenectady, N.Y Oct., 1887, 

ALBION ELECTRIC LIGHT COMPANY, Albion, N. Y., 2 orders, 1889-18 

BUFFALO GENERAL ELECTRIC COMPANY, Buffalo, N. Y. Mar., 18 

EDISON LAMP COMPANY, Harrison, N. J. 3 orders, . 

THOS. A. EDISON, Fort Mver, Fla., and Orange, N. J. 2 orders. 1885-18 

BRUSH ELECTRIC LIGHT COMPANY, Philadelphia, Pa July, 188 1, 

WESTINGHOUSE ELECTRIC COMPANY, Pittsburgh, la Nov., 18 

ALLEGHENY COUNTY LIGHT COMPANY, Pittsburgh, Pa. 4 orders, issk-iNwj. 

EAST END ELECTRIC LIGHT COMPANY, Pittsburgh, Pa., 2 orders, .888-1892, 

HUGUS & HACK I. Pittsburgh, Pa- 1891, 

LYCOMING ELECTRH COMPANY, WUliamsport, Pa. a orders, 1889-18 

MONONGAHELA ELECTRIC LIGHT COMPANY, Monongahela City, Pa July, 1890, 

BUTLER LIC.HT, HEAT AN I > MOTOR COMPANY, Butler, Pa July, 1893, 

UNITED STATES I M-I-RIur iJEPAkl'MENT (Patent Office). Washington, D.C July, i« 

UNITED STATES CAPITOL, SENATE WING, Washington, D. C 2 orders, 1 887-1 !< 
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19 
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123 
192 

30 
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30 
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ff.P. 
500 
976 

1 000 

156 
500 
416 

146 
1. 120 
560 
624 
778 
208 

2.444 
8.344 

4-095 

:86 

146 

1.240 

1 729 

354 

184 

5i 
1 920 

92 
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92 
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240 
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500 
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61 

x 3 6 

122 
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Boilers. 

RICHMOND RAILWAY AND ELECTRIC COMPANY, Richmond, Va . . July, 1890, 1 

THE F. B. MORGAN POWER COMPANY, Cincinnati, Ohio Har., 18 1 

BUCYRUS ELECTRK LIGHT COMPANY, Bucyrus, Ohio . June, 18J 1 

CI RCLEVILLE LIGHT AND POWER COMPANY, Circlevilie, Ohio 2 orders, it 2 

CANTON ELECTRIC LIGHT AND POWER COMPANY, Canton, Ohio Ful 1 

•LUMBUS ELECTRIC LIGHT *ND POWER COMPANY, Columbus. Ohio Oct., i 

WYOMING LIGHT, WATER HEAT AND POWER COMPANY, Wyoming, Ohi . . . Oct., 1893, 1 

LOUISVILLE GAS COMPANY (ELECTRIC LIGHTING), Louisville. Kj \ 8 

CITIZENS' ELECTRIC LIGHT AND POWER COMPANY, Louisvill K Mar., .^ 1 

["HE COVINGTON ELECTRIC LIGHT COMPANY, Covington, Ky., . . a orders, 1890-1891, 2 

EVANSTON ELECTRIC LIGHT COMPANY, Evanston, 111 ....... . . . fune, 1890, 

WESTERN ELECTRIC COMPANY, CI t, 111., and New York rdei 5,1888-1890, 

B \i'i- N"« 11 1:1 ■-.- KM iLEWOOD ELECTRIC LIGHT PLANT, Chicag . . . Mai 

DIXON POWER AND LIGHTING COM PAN\ Dixon, 111., ... 



KALB ELECTRIC C«>MI'AXY. I', Kalb, III , 
WAB kSH 1 1 ECTRIC LIGHT ( I IMPANY, Wabash, (nd . 
< II V OF CRAWFORDSVIL1 E, < rawfordsville, Ind., . 
OWATONNA ELECTRIC COMPANY, Owatonna, Minn 
WAUSAU ELECTRIC COM PAN Y. Wausau, Wis . , 



.Mas. 18 

Jan., 1892, 

Oci , 1 - 

>Cpt., I V ' . 









1 r 




.1, 







The Babcock L. Wilcox Co., Cincinnati Branch, 405 Neave Building. 

PERIOR WATER, LIGHT, HEAT AND POWEF COMPANY, West Superior, Wis., . Sept., 18 . 
MARINETT1 GAS, ELECTRIC LIGH1 VND STREE1 RAILWAY CO., Marinette, Wis., Nov., ri 
EDISON ELECTRK LIGHT AND POWER COMPANY, Kansas City, Mo., . . . -• ..rders, iss^,> 
KAN CITY ELEl rRIC LIGHT COMPANY, K City, Kansas, . . . 4 orders, 1888-1890, 

MISSOURI ELE< rRIC LIGHT AND POWER COMPANY, St. Louis Mo., - . . - ...<k-r-, 1889-18 

TERMINAL RAILROAD ASSOCIATION OF ST. LOUIS. St. Louis, M Iprfl, 1893, 

DENVER CONSOLIDATED ELECTRIC COMPANY, Denver, Col, 5 orders, . 

THE EL 1 1 ELECTRK COMPANY, Colon ig Col., Aug., 18 

THE WATER AND ELECTRH LIGH1 COMPANY, Miles City, Montana Od 

A HAYWARD, San Mateo, Cal., July, 18 

MTA BARBARA ELECTRIC LIGHT COMPANY, Santo Barbara, Cal Jan., .8 

["HE MARACAIBO ELE( M:l< LIGHT COMPANY, Maracaibo, Venezuela Sept., 1890, 

I ARA< AS GAS AND ELEl rRH I IGH1 ( OMPANY, Caracas, Venezuela Jan . .-,.. 

THE HALIFAX ILLUMINATING AND MOTOR COMPANY, Halifax, N.S. Jan., 1891, 

lYAL ELECTRIC COMPANY, Montreal, Canada 5 orders. 1889-1892, 

TORONTO INCANDESCENT ELECTRIC LIGHT COMPANY, Toronto, Ont.. Canada, . Julv. 1893. 

CIENFUEGOS ELECTRIC LIGHT COMPANY, Cienfuegos, Cub: Nov., 1890, 

THE BRUSH ELECTRIC ENGINEERING COMPANY, I.IMU 1 D Lambeth, Undon, England. 

For LYCEUM THEATRE, Edinburgh, Scotland Feb., 1887, 

For BOSWORTH HALL, Leicestershire. England Aug., 1887, 
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Metropolitan Electric Supply Corporation, Manchester Square Station, London, England. Partial Vertical Section. 



Boilers, 
THE BRUSH ELECTRIC ENGINEERING COMPANY, LIMITED Lambeth, London, England 

For ROYALTY THEATRE. Glasgow, Scotland Dec., 1 81 i 

For ELECTRIC LIGHTING, Madrid, Spain July, 1888, 1 

For ELEl rRIC I. ICHTiNi .. Iioumemouth, England >rden, 1888-18! 2 

For OWN WORKS, Hammersmith, London, England Oct 1 

For OWN N\'oRKS, Loughborou.-ii. England , . 2 orders, iss ( /-i.s ( ,2. 2 

For CHELSEA I 1 ECTRICI TV sri'PLY COMPANY, L'TD Chelsea, England, rd 1 Jo, 4 

For ELECTRIC LIGHTING at Leicester, England So 1 93, 4 

For ELECTRIC LIGHTING at Worcester, England No 1893, 4 

r Ml CTR I C LIGHTING at Temesvar, Hungary 2 orders, 1888-18 2 

For ELECTRIC LIGHTING at Bangkok, Siam . ... Sept., i« 5 

For ELECTRIC LIGHTING at Metros Scotland N01 1 

1 r ELECTRIC LIGHTING at Huddersfield. England, \m : . 1 - ,1 . 2 

F01 ELEl rRIC LIGHTING at Letham Grange, Ibroath, Scotland Feb., 18 1 

For ELECTRIC LIGHTING at London, England Feb., 18s 3 

F01 1 1 ECTRIC LIGHTING at Spain, . Ocl 2 

ROYAL HOTEL, Blackfriais, London, England Oct., 1892, 3 

HOUSE-TO-HOUSE ELECTRIC LIGHT SI PPLY COMPANY, London, Eng., . . -1891, 6 

INDIA RUBBER, GUTTA PERCHA AND TELEGRAPH WORKS CO., London, England, May, r8S 2 

METROPOLITAN' ELECTRK SUPPLY ( ORPORATION, LT'D, London, England, ♦orders, 1888-1800, 27 

THE GUL< HER ELECTRIC LIGHT AND POWER CO., LT'D, London, England, 2 orders, 1889-189 4 

LONDON ELECTRIC SUPPLY CORPORATION, LIMITED, Deptford, London, Eng., 4 orders, 18! 25 
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Manchester Square Station, 

Metropolitan Electric Supply Corporation, 

London, England. 



1 23 






THI ELECTR] ■ 'MSTRUCTION CORPORATION, London and Wolverhainptoi Eneland Feb ,&*,*" 

ma^pYkStt^ l BR,D w "" ' ' ■ "S 

MI \Ki \ KIM i . . meal I w ■ . .. i . i ,,„| , ' 

For D II. I \ *NS, Draper Establishment, I I gland, . . 1 

Fo« Bl M I S COMPANY I tMITJ D I rant, I I „„). . [ [ "*' ' 

J [MINSTER IM. Ik.. 51 , COl .,, 

ForELEi rRII LIGHT STATION | . • J 

II. i JOTTING Mil I. I l I. rRII LIGH1 i iT\ : | ndj ' 

S. / LI I I RRANTI I | l' , 

Foi Nil RIVJ R PI Ml III, ||.„ ,i im LaPla ' I 

HAMMOND, >MPAM , ■ « 

For CEN1 RAL M \l : *• 7 

BI1 BAO ■ ,n " " • 6 

I VINO, WHARTON & DOWN I , „„ w , ,' [ * 

I • RI II- 1 N< . 01 . ,,i , . ' " • » 

ForR WIXG ELECT IT STA . . . .„ * 

For WEYBRIDG1 M I „.,,, S1 VTION I . 
I I I IM \'i I 01 LORD ROTHSi HILD, I Pari H 

For CIT, 01 LONDON ELEl I KM LIGH1 COMPA „„,. . 
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I25 

250 
50c 
250 

49 6 
85 

720 
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96c 

104 
496 

"5 

76 

00 
1.500 




B-bcocK 1 Whcox Boiler, at t,e Chelsea Electricity .apply Company's Sta„on, Chelsea, En g . 360 H, P. Erected 1888-9. 

The Brush Electrical Engineering Co., Limited, London, Contractors. 
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J H HOLM] 0., Electrica! Engineers, London. England, i<>r Port Saul, kuvpt, i t, , . ' 

For THE HOME AND COLONIAL STORI S. Isliugton. I u 

NICHOLSON S II SMS.. S, London, England, foi Jamaica Exhibition. Jamaica, W. I 
WESTINGHOUSE ELECTRIC COMPANY. London, England. 

incoln's In 

I II ! 

rioif, is 

id, I >ndon 

LONDON SCH .BOARD \ - ibankment, Lo , 1 gland! " ! 

CITY AND GUILDS 01 LONDON, Central Institution. London, England Mar"' 

THF X.ii riNG HII. I III. IKh I I, ,111 COMPANY I .ndo I , . Mai , ! 

TOE CITY OF LONDON ELECTRIC SUPPLY COMPANY, L'T'D, London England. . Mar , - . . ' ! 

R-f ' CROMFTON & CO., London and Chelmsfb, I ,d, . . 4 ,, r(1 _. lg88 L lJM £ .' J 

EXETER ELECTRIC LIGHT COMPANY RockEeld Works I gland, a orders .88n-,s t 

TAUNTON Ml. rRII LIGHT COMPANY, LIMIT1 D n, England W ' \ 

THE BATH I II I Ikk I k.lll WORKS, Bath, I ... 7 " 

I VIII \M. R( ESTER & DISTRir i , i, ■ i. i i, ,< r .,...,. . . , 

3 

2 
2 

ngland \ug . ■* • r 

THE SHEFFIELD ELECTRIC LIGHT AND POWER CO., ITh Sheffield, England * 

SHROPSHIR1 ELECTRIC LIGHT AND POWER COMPANY Shrewsl \„ v ,- 

KELVINSIDE El I I Ikk I IV I OMPANY, LIMIT1 D. Glasgov Scotia. 

GLASGOW ITHEBLEUM. Glasgow, Scotland, .* 

WILLI \M II \k\ II \ CO., Glasgow, Scotland. 

McWHIRTER, FERCUSON & CO., Edinburgh, Scotland 

THE CORPORATION 01 LBERDEEN, Aberdeen 5 (land, . m 

CARLOW I I l i Ikk LIGHT] COMPANV I irlow. Ireland, . w . 

LACOMPAGNI1 PARISIENN1 DE L'AIR COMPRIME. Pai I ,„„l,rs lW M 

LACOMPAGNIE NATIONALl D'ELECTRICITl Paris Fran, .. . . . 2 orders, 7 J 

BANQU1 DE PARIS I I DES PAYS BAS. Paris, .... M J ,SJ \ 

LACOMPAGNIE D'ECLAIRAGE ELECTRIQUE. Station Dro* iris. Ft . 2 orders , 

EDISON'S CONT1N1 NTA1 I OMPANY, Paris Fra ... 40rdl \ 

BEAU & BER1 k Wh I Ml I I I Paris, France, . . J 

SOCIETI L'ECLAIRAGl ELECTRIQUE, Montagues R Paris, France v P M , , 

EDEN 1.11 Ukl Paru I, " iilv 3 

NOTRE DAM1 DE LORE I - 1 i France, \ 

ERNES! LAMY, PAUL RIEN ET CIE. Mende, L 

LOMBARD Gl RIN ET COMPAGNIJ . I . ... Jo, 

A. (.11.1 II: I kl & CO., Society Francaise d' Electricity Appliquee a rindustrie, Marseill 

SOCII II NAN( IENNE D'El I. Ikk III \ France. , ,, a 

MONSIEUR GIUTTON, St. Etienne, for Marennes. France. . 

USINE CENTRALE D'ECLAIRAGE ELECTRIQUE. Perpignan. France, . . 2 ord, 6 

SCHNEIDER & CO., Creus6t, for Electric Station at Monaco France, .... A 

SOCIMI MONEGASQUE D'ELECTRH III . Monaco, 1 , \ 

COMPAGNI1 D'ECLAIRAGl FXECTRIQUE, Cannes, Franc, a orders, .8 \ 

COMPAGNIE D'ELECTRICITE DE MOULINS, Moulins. 1 , \ 

M. DE MONTRAV1 I \ llefranche, France J . 

THE THOMSON-HOUSTON INTERNATIONA! ELECTRIC CO.. S. B c. Fr . J a „ 

THOMSON^HOUSTON INTERNATIONAL ELECTRH CO., Bordeaux, France June! 

1 
1 
1 

For FRITZ WILEN, Helstngfors, Finland ".' . " ;"™" ;." * 

For the 1 in Ikv ao , Spain, . £J \ 

For SI Nil RSBI Russia, T£ \ 

.r ODESSA HARBOR, Odessa, Russia . . ,. ,. .,"2/ , 

ForELE. rRIC RAILWAY, in German: . \ 

For LEEDS rRAM WAY COMPANV, . j£ f 2. J 

ALLEGEM1 IM ELEl ikk [TATS Gl SELLSi HAM. Berlin, Germa, v.-' ' , 

£™Km?K5 ' M l,U1 " K EL ECTRISCHE GLUHLAMPEN, Berli ermany. . "j.,„ \ «7. I 

IDERMANN & CZAR NIKOW, Electric Lighting, Berlin. . . Jan ,^ 

J H ^MONOPOL HOTEL, Berlin, Germany. . . . ] yZ',,^7, \ 

3 
3 

4 

CAPT. DE KHOTINSKY, Berlin, German,, 77 777T\~ " i' 2 



///'. 





80 

172 

1 520 

76 

974 
460 

958 
160 

«5 

496 

1.500 

$10 

3»6 
2X0 
210 

124 
I92 

2 -4 

3o6 

280 

30 

700 

I 5 2 
248 

75 
60 

9 1 

39 a 
86 

5088 

520 

-40 

518 

824 

I20 

324 

9 2 

20 
122 

68 

220 

518 

50 
510 

344 
125 
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248 
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426 
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170 
164 
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M Hl"< KKK r X. <■ • ' . Nuremberg, Germany, for Station at Canton, ( hina . Jan., iScyo, 

Still CKERT 8 CO., foi Electric Lighting Japanese Imperial Coast Fortifications, . . . 2 orders. 1891-1892, 

SCHUCKERT & CO., for Shepheard's Hotel, Cairo, Egypt fane, it 

ETTELBRICK ELECTRIC LIGHT -1 VTION, Ettelbrucle, Luxembourg, Germany, June, it 

ED. DUBONNET, GRAND HOTEL, Brussels, Belgium . . Aug., 18 

LA COMPAGN1E INTERNATK >\ T \J 1 h'ELEi rRICITE*. Liege, Belgium, . . »uly, 1891 

STATION CENTRAL D'fiLECTRICITE" (Carets Freres), Brussels, Belgium, ... 

GRAND PALAC I , Laeken, Brussels, Belgium, Sepl . tt 

l A EMPRESA GAS V ELECTRIC 1 1 ».\I>. Valencia, Spain, orders, 1888 1 

FRANC I. so » DE LA VIESCA, Cadiz, Spain 2 orders, if 

PLANAR, FLAQUER Y CI E, Gerona, for Electric Light Station at Gijon, Spain Feb - 

PLANAR, FLAQUER Y CIE, for Electric Light Station at Gerona, Spain Oct., 18 

PLANAR, I LAQUER Y CIE, for Electric Light Station at rangier*, M ceo, . . . . Jul) 

PLANAR, FLAQUER Y CI1 for Electric Light Station at Granada, Spain Nov., 18 

EMPRESA ILLUMINAQAS ELECTRICA DI BADAJOS, Spain . . July, 18 

< \STRO URDIALES ELECTRIC LIGHT STATION, Madrid, Spain Jan., 1892, 

MADRID PALACE, Madrid, Spain, . Dec, 18 




The Babcock & Wilcox Co., St. Louis Branch, 608 Security Building. 

El rRICITY SUPPLY 1 mMI'ANV, Madi a Vug., 18 

CORDOVA ELECTRIC LIGH1 STATION, Cordova, Spain Vug., 18 

ANTEQUERA ELE( M'K LIGH1 COMPANY, Vntequera, ., . . - May, 18 

MAHnN I.I.K Tkli LIGHT COMPANY, Mahon, Spain, . . 

LA SOCIEDAD ESPANOLA Dl ELECTR I CI DAD, Barcelona, Spain, . Oct.. 18 

VMPANHIA hi I 1/ 111' li:l< V, Oporto, Portugal Dei , iJ 

SOI 11 1 VCEN'J I II VLIANA D'ELl 1 I kit 1 1 V 5ISTIMA 1 DISi IN, Milan, Italy, 9 orders, iS 

For ELECTR II LIGHT STATION it Livomo, Italy Sept., 1887, 

For ROYAL ITALIAN NWS VRSENAL, Spezia, Italy, May, it 

Foi Ml- 1 RH I H 1H I -r V riON, : I May, i8i 

SOCIE1 JGLO-ROMANA PER L'lLLUMINAZIONl I 3 orders, 1885-18 

- TX GENERAL! PER L'lLLUMINAZIONl PALAZZO CH1GI, Rome, Italy, . . Nov., 18 

BARON N LA< VPRA SABELLI, STAZION1 "BELLINI," Pontecorvo, Italj Mar., 18 

SOI 11 1 \ VNONYMA DE I'llM MINAZIONE ELETTRICA, Palermo, Sicily, zorders,i8 

I willA G. LAGANA, Palermo, Sicily a orders, 18* 18 

IMPERIAL CONTINENTAL GAS < Electric Lighting), Vienna, ... . 3 orders, 1 887-1 889, 

KREMENEZKY, MEYER & CO., Vienna, for Hotel Thonethof, Graz, Austria, .... July, 18 

5T1 BRUNNER & CO., for Grate Electric Light Stai lustria, . .... Vug 1893, 

KARLSBAD ELEl rRH LIGHT STATION, Karlsbad, Austria 2 orders, 1890-1 i 

GAN2 , Buda-Pesth, foi ion at Fiume, Hungary Nov., 1890, 

TR< >LLER BROs . Electrical Engineers, Luzerne, Switzerland, • . - - Aug., 1889, 



1 
1 

1 
1 
1 

3 

1 
S 
2 
2 



if r. 
20 

50 
92 

30 

87 

98 

636 

58 
832 
102 
164 
106 

40 

86 
66 

96 
280 



3 


480 


2 


128 


3 


156 


2 


92 


5 


700 


I 


140 


16 


2.165 


3 


438 


3 


186 


3 


360 


15 


2.370 


2 


328 


2 


128 


3 


246 


2 


122 


10 


1.116 


3 


120 


2 


280 


7 


682 


3 


420 


1 


240 









* 



•+« 



•* 



*-"- 



Bcilert- 
DANISH \ I 'MIR Ml "V. Copenhagen, Denmark, for Skagens Nordstrands Lighthouse . . . July. iv,,. 2 

DANISH A I >MIRA I. \\ . I openhagen, Denmark, for Forness Lighthouse July. 1801, a 

DAV\ ROBERTSON, for Haglund- Hotel. Gothenberg, Sweden April. iS8o, 2 

AKTI BOLAGET ELEI rRON, Central Station, Gothenberg, Sweden 2 ord. S8-i8^ 

NORWEGIAN GOVERNMENT (Fortress of Oscareburg), Oscan j, Norwaj 

THE SHAH OF PERSIA, Teheran, Persia aord< 

AKT1-. BO LAG) 1 SHAKO, Jammerfort, I- inland |u: 

A. IVANOWITSCH ALKXKJEFF, M01 Russia I,, 

BARON DERVISS, Moscow, Russia, ,888, 

MOSCOW ELECTRIC LIGHTING COMPANY, Moscow, Russia orders. itvss-i{ 

MOSCOW Mil rRH IL EXHIBITION, Moscow. Russia 

WILNO MILITARY ENGINEERING DISTRICT, WUno, Russia 

J. MARGU1 IS.Od Russia iril, 1801, 

LA COMPAGNIE CONTINENTALE EDISON, Bel de, Servia |.,„ i8oj 

CIEDAD ANONIMA LUZ I LECTRICA "l DISON," Buenos tyres, \rg Rep fa 

RIVER PLATTI ELECTRICITY COMPANY, Arg. Rep |„lv 

ARGENTINE REPUBLIC, Buenos Ayres, Axg. Rep., . . . Dt 

" JARDIM BOTANICO," Rio Janeiro, Brazil, 

BRITISH GUIANA ELECTRIC LIGH1 S POW1 R I OMPANY, Demaran. Georgeto* 

British Guiana, S \ z ordera, 1891-1804, 




-wi;mii iirn^un.iHytTT 




The Babcock &. Wilcox Co., New Orleans Branch, 57 Carondelet Street. 
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80 
60 

248 

40 

428 
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5* 
40 

*>8 
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40 

52 

369 

I.008 

240 

228 
292 

442 



EDISON SPANISH COLONIAL LIGHT COMPANY, Porto Rico Nov 1893 

SANTA ANA ELECTRIC LIGHTING STATION, Santa An San Salvador, C A M •*>. 

ELECTRIC LIGHT AND P- >\\ I R 1 OMPANY, Melbourne. Australia, \m 

MUNICIPAL COUNCIL, Melbourne, Victoria, Australia May, 18 

3TC01 r. MARSHALL ft ADAMS, Sydney, for Newcastle, X. S. W 2 order- .Soo. 

WILLS & COMPANY ELECTRIC LIGHT STATION, Port Said, Egypt, . . Mar., ri 

ELECTRIC LIGHT CENTRA1 STATION, Ceuta, N Africa, . . lug 

VIDAL COMPANY, I igier, Africa Feb. 

I'HE JOHANNESBURG I [GHTING COMPANY, LIMITED, Johannesburg, 1 J, Ipril 

JAPAN IMPERIAL GOVERNMENT, Coast Fortifications, Japan j orders, 1891 
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240 

500 

1. 000 

344 
124 
192 

52 

64 

100 






GAS LIGHTING. 

Bailers. 

WALTHAM GAS 1. 10 HTINC COMPANY, Waltham, Nasi "... . . Dec . i*S6, 1 

BEVERL\ GAS LIGHT COMPANY, Beverly, Mass . 1800 1 

LAWRENC1 GAS COMPANY, Lawrence, Mass 4 orders 4 

CHELS1 1 GAS LIGHT COMPANY, Chelsea, Mass., 1 

STANDARD GAS LIGH] COMPANY, New York, N. Y 2 orders, 1887-1890, 3 

BROOKLYN GASLIGHT COMPANY. l-:n«.k]vn. N.Y 1..K-. 0S9, 2 

FULTON MUNICIPA1 GAS COMPANY, Brooklyn. N Y \ug >• 2 

WILLIAMSBURG GAS LIGHT COMPANY, Brooklyn, N.Y. a orders, 1884-1 2 

EAST RIVER GAS LIGHT COMPANY, Long Island City, N. Y., 2 orders, i8so-i- 2 
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* 



* 



SCRANTON GAS AND WATER COMPANY, Scramon, Pa., . w ,8a, \ 

U I i -ill N\ GAS COMPANY, Allegheny, Pa., . 

CINCINN Ml GAS I IGHT AND COKE COMPANY, Cincinnati, ... u,V , 

MIAMI VALLE1 IS AND FUEL COMPANY, Dayton, Ohio, . . ", 

CITIZENS' GAS LIGHT AND HEATING COMPANY, Bl nngton, 111., , . ,: . 

FR] I POF rGAS LIGHT AND ( OKE * OMPANY, I 111., . . . 

INDIANA GAS COMPANY, ConnoisviUe, Ind \,, n , . 

KANSAS I l l\ GAS LIGHT AND COKE ( OMPANY, Kansas City, Mo 3 

1 vlli ^ GAS I OMPANY, Sacramento, Cal . . 6 

CORPORATION OF GLASGOW, DAWSHOLM GAS WORKS. GU land, orde, 6 

CORPORATION OF GLASGOW, TRADESTON GAS WOI Scotland, . . \»ril i 

AB1 K I.I I N I ORPORATION, Aberdeen, Scotland . |. ln . 

EDINBURGH AND LEITH GAS WORKS, Leith, Scotland July , - 

THE GAS LIGHT AND COKE COMPANY, LIMITED, London. England, ,, ^ 

THE UNITED GAS IMPROVEMENT COMPANY, London I nd 

rHE SOUTH METROPOLITAN GAS COMPANY, LIMITED, Londoi i Noi ,- a 

BIRMINGHAM CORPORATION GAS WORKS, Btrmi I , I. . i orders, 1889-1891, 6 

BIRMINGHAM GAS ["RUST, Saltley, Birmingham, England f u ly ,- 1 

LEICESTER CORPORATION. GAS DEPARTMENT, Leicestei 1 . \, 

LIVERPOOl 1 Ml IS LIGHT COMPANY. Garston, England ,,< ,t 3 

COMPAGNIE ANONYME DU GAZ DE ST. JOSS* ["EN NOODE, Brussels, Iidg Mai 2 

\S WORKS AT LA HAGUE, La Hague, Holland U„ ,80a 

• ANGLO-ROMANA PER L'lLLUMINAZIONE DI ROMA. Rome, Ital 12 

LA SOCIETA GINEVRINA DEL GAS BOLONGO, Venice. Itah Mar 189a 1 

OCKHOLM GAS WORKS, Stockholm, Sweden Fan 1891 a 

ICIEDADCO-OPERATIVAGADITANA.DEFABRICACIONDI GAZ I idiz. Spnin, 2 orders, 1891-1 : 



ARTIFICIAL ICE AND REFRIGERATION. 

NEW YORK STEAM COMPANY, for making Ice, New York, . iug ,ss„ 

•- 1 - \ I IND ICE O IMPANY, Baltimore, M.I , I, , , 
Mil CORYVILL1 I' I COMPANY, Cincinnati, Ohio 

CORNING REFRIGERATOR COMPANY Cleveland, Ohio, . . 1,. ..,- 

fOSEPH I- I BNER, Ice, Vincennes, Ind De< if 

THE WESTERN REFRIGERATING COMPANY, Chicago, 111., u,, '. ,- 

DENVER CONSOLIDATED BREWING COMPANY, LIMITED, Den* 1. t orders 1884-ii 

THE ARMOUR PACKING COMPANY, Kansas City, Mo ... . 2 orders** 

1 in I KX I. I I OMPANY, New Orleans, I 1 Sepi . . 

rEXARKANA IC1 COMPANY, Texarkana, Tex „ ' ,- 

THE CONSUMERS' ICE COMPANY San Francisco, Cal., 1 orders, 1890-1891! 

Ill PURE IC1 COMPANY. LIMITED, Bath, England, . . \l.,, rS 

L. STERNE & COMPANY, LIMITED London, England r-i888, 

"UN FRIGORIFIOU1 Dl MONTPELLIER, Montpellier, Franc Dec, 18 

-I'll: VJD'S REFRIGERATING IRCH, London, England, . . , orders, 18& if 

II VDENHALL MARKE1 COLD STORAG1 COMPANY. LIMITED, London, England ran., 1887, 

iREIGN ANIMALS CATTL1 MARKET, Deptford, London, England, . . . ,1a 

THE LIVERPOOL COLD STORAGE COMPANY. LIMITED, Liverpool, England, . . . Oci 

HASLAM FOUNDRY IND ENGINEERING CO., WD, Derby, Eng., fo s Continent, . June. , - 

MANCHESTER CORPO TION Manchester, England Nov., 18 

IMPAGNI1 tNDUSTRIELLl DES PROCfiDfiS RAOUL PICTET, Paris, France, . . lug., ii 

M. I'KI. 1. 1 RIN, Refrigerating, Paris, Prance .... Ipril, it 



Maj 

Dec, it 
Mar., 1^00, 
Oct., if 
-• orders. 



I N'RIQUE I. M'l'l .1 Mala i, Spain, 

M. RODRIG1 ES Dl CE LIS S CO U idrid, Spain, 

ARN H EI MSCHE KRISTAL-YS FABRIC, Ice, Arnheirn, Holland 

Mil M STRALIAN CHILLING AND FREEZING I OMPANY, London and Australia, 
MM QUEENSTOWN MEAT EXPORT & IGENCY CO LTD, Bri id, 

NELSON BROTHERS, LIMITED London. England, and romoana. New Zealand, . 18& 

W] I I INGTI >\ MIX I J XPORT ( OMPANY . II M I I I D, Wellington, New Zealaivl, Ipril, if 

M Ml III I' Ice Manufacturing, Batavia |a \pril. if 

■"11-11 I RII .mrii K.m 1. DI IAFF.A Pal. stine ] ... , ( { 



ELECTRIC RAILWAYS. 

WESl END Mill I RAILWAY COMPANY, 1 1, Mass., . . . « orders. '889-18. 

LYNN IND BOSTON RAILROAD COMPANY, Lynn, Mass., ... 

LYNN AND BOSTON RAILROAD COMPANY, Chelsea Ma » orders > 

GLOBI 5TREE1 RAILWAY COMPANY, Fall River, Mass Feb .- 

II .W I Kill I I AND GROVELAND STR1 1 I I ULWAY < OMPANY, Haverhill, Ma 
rHE MERRIMAC VALLEY STREE1 RAILWAY COMPANY, Lawrence, M 

THE TAUNTON STREET RAILROAD COMPANY, launton, Mass Mar 

NEWTON AND BOSTON STR1 1 I RAILW \\ I OMPANY, Newtonville, Mas . . . Mar., 1803, 

SPRINGFIELD STREFT RA1LWA\ COMPANY, Springfield. Mass Fan., 18 

THE PORTLAND STREET RAILWAY COMPANY, PortUcJ, Ms., . April 
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Central Power St.it ion 

West End Strwt By. Co. 

Boston Nam. 
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Babcock A Wijcox Boilers ,r th .Central Station of the West End Street Rai.wa, Company .Electric, Boston, Mass. 
WW H. P. in opera.ion and ,n process of erection. 12.000 H. P. now in use in all stations. 
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1HI UNION RAILROA1 MPANY, Providen, R.I.,. . 2 orders, 189a 8 2.000 

UNION RAILWAY COMPANY New ^ 6 1500 

Till BROOKLYN I IT\ RAILROAD COMPANY, Brooklyn, N \ ... 66 16500 

I iNEY ISLAND AND BROOKLYN RAILROAD COMPAN\ Bi Ml.,,- 2 500 

All Win IVENUE RAILROAD COMPANY, Brool tf.Y., 12 3000 

STEI N WAY RAILROAD COMPANY, Long Island City, N I Feb., 4 ' 000 

'1 HI AII'.AW RAILWAY, Albany, N. \ . . . ... rders, iS ,-•, 7 990 

11.. A VND LANSINGBURG RAILWAY COMPAN\ \ 5 864 

Bl 11 ILO S MM I I !■• \II \V \\ COMPANY, Bun" 8 : 000 

roWN -MM RAILWAY COMPANY, Buffalo, N \ lu 10 2.500 

FFALO, BELLEVUE AND LANCASTER RAILWAY COMPANY, Buffalo, N \, lu: • 100 

ROCHESTE1 ULWA/ COMPANY, Rochester, N \. 2 808 

ISHORI III' llli RAILWAY COMPANY, \ ry Park. N I. Ma 2 640 
CAMDEN, GLOUCESTER \\ h WOODB1 R\ ELECTRIl RAILROAD COMPANY 

GIi Her , N . J ril , 1 8 3 7 50 

CONSOLIDATED TRACTION COMPA.W ly, N : 500 

run \hi 1 PHI \ 1 riON C( IMP \\\ . Philadelphia, v ■ 8.' 

PEOPLE'S 1 n ON COMPANY, Philadelphia, Pa., < >• 12 4800 

ELE( I RII 1 1 ■ v 1 K IN 1 1 'Mr.\\\ Philadelphia r rd. , .•• 5. 

PITTSBURGH AND BIRMINGHAM 11 ACTION COMPANY Pitts Pa Jul 4 > 000 

IDDOCK Ml' I! I' RA1LU OMPANY, Braddock, Pa., lune 1 164 

- kiv rON IN D SOLDIERS' HOMl RAILROAD COMPANY W fan., 1 136 

IN ECHO RAILROAD COMPANY. Washington, D I H, 3 3»2 

ICK CREEK RAILWAY COMPANY Wa rton. D. I • Sept , 1- 3 375 










8. & W. Boilers at Albany Railway (Electric), Albany, N. Y. Erected 1889. 

1.C00 H. P. now in use. 



II I IN* INN VI I. M W Pi »1 i VN1 ' I I »YIN' ■ ' ULM -\\ 

rHE CINC1NNA1 . i ; i : \: OMPANY icinnati 

OLUMI M I ! I RAILROAD COMPANY 

MILAN VND HURON ELECTRIl RAILWAY COMPA.W 
ill RAH MP \N\ 

■ I I'l \ I ULWAY COMPANN 

VNA AND CHAMPAIGN ELECT! ULW \ I ■ 

Ml u A\ 1 1 IMP \\\ [ndianai I I , 

1 hi DOl I .1 VSS I I 'I NT\ STREP.! 1 \l LY\ \\ ( OMP \\ 1 
MARINETTr GAS. ELEl I'RH I I '.I I I l.ND El I RAILW.A 1 M 11 

I HI NOR IN I M I RAILWAY ' ' iMPANt . K I ity, Mc. . 

UNH IN hi m H r Ml 

IUNEE AND LSHPEMING SI k\ & ELI h 

I'M ! I \ R MIA\ U ( 1 IMP VNY, St. Paul, Minn 

PAUL AND Will I I |:i \ Ml ROAD I OMPAN 

DU1 IIII ; I I I'AII U \\ l OMPANY . Duluth, Mum . 

I HI M I \ I: Ml \\ AY I OMPANY . ! 

\ Ml SI Rl II RAII W M ' OMPA> \ . - 

EET RAILWAY AND P< >W1 I .11' \ Fla., 

EW ■ M» I M<K' 'll' »AD n 1 

HOUSTON Cm STREET RAILW OMPANY. H 1 • ■ 

( I 1 - ■•' I- \i 1 . OMPANY, Waco, 1 

K DIEGO ELI 1 RAILWAY COMPANY 

LEED rRAMWAY COMPANY Leed I -..■ 1 

LECTRH n I I 

ELECTRIl I R \MW \\ Bru Bi I ■ in 

. \y INTERNATIONAl El ECTRIl I I IMP VNY, 

Ham 

KI1 rRK ITRAMWAi- : 
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Babcock & Wilcox Boilers at Pencoyd Iron Works, in process of erection, Another tier to go above those shown. 

3,840 H. P. now in use. 

PIANO AND ORGAN MANUFACTURERS. 

HA II I I & DAVIS COMPANY, Boston, Mass ) 

HALLET & DAVIS < OMPANY, "Nation* r , ... 1 

B. SHONINGER COMPANY, New Haven, Conn May, 1889, 

W. W. KIMBALL « COMPANY, Chicago 111., 

A. GASPARINI, Pari^. Franc 

MAHILLON ET ( II Brussels, Belgium, . . Sept.. 1892, 

H. GL I HOW, Berlin, Germany, Mar., 1887, 
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285 
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35 
35 
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IRON AND STEEL WORKS. 

J 

TROY IRON AND STEEL COMPANY, rroj N V ... oiders, 1885 

SWEET'S MANUFACTURING COMPANY, Syra N. V., 4 orders, 1881-18 

NEW HAVEN ROLLING MILL COMPANY, New Haven, Conn., . . 2 orders, 1880-1803, 

NEW JERSEY STEEL AND IRON COMPANY, Oemon, \. J , . . 2 orders, 1885 

DELAWARE ROLLING MILL, Phillips ,. \ I June, i« 

PENCOYD IRON WORKS Peoeoyd, P orders 1881-1803, 

PENNSYLVANIA STEEL COMPANY, Blast Furnace, Steelton, Pa 

PENNSYLVANIA STEE1 COMPANY,] mer Department, Steelton Pa., 

MARYLAND STEE1 COMPANY, Blast Furnace, Sparrows Point, Md., 32 

MARYLAND STEEL COMPANY, Rail Mill, Sparrows Point, Md . 

MARYLAND STEEL COMPANY, Ship Yard, Sparrows Point, Md 

MARYLAND STKEL COMPANY, Machine Shop, Sparrows Point, Md., .... 

Total, . ta ord trs 

( \MBRIA IRON COMPANY fohns town, Pa., Blast Furnaces . . . .... 

I \Mi:klA IRON COMPANY, Billet Mill, 

CAMBRIA IRON COM PANY, Gautier Steel Department, 

I IMBRIA IRON COMPANY, Waterworks Station 

I \Mi;RI A IRON COMPANY, Coal Mining, ... 

CAMBRIA IRON COMPANY, Incline Cable Railway, ... 

I otal 14 ordi rs, i8Sv 1 - 
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» • 



The Babcock &, Wilcox Co., San Francisco Branch, San Francisco Tool Company 






THE HAIXsWORTH STEEL COMPANY, Pittsburgh, Pa., 

( IRNEGIE STEEL COMPANY, LIMIT] D, Lucy Furnaces, Pittsburgh, Pa., 

GIE STEEL COMPANY. LIM1 IM> Upper Union Mill 
I ARNEGIE STI EL COMPANY, LIM1 I I D, Beaver Falls Mills, 
CARNEGIE STEEL COMPANY, LIMI1 ED, Homestead Mills, . . 

IRNEGIE STEEL COMPANY, LIMIT! D, Duquesne Millfl 
CARNEGIE STEEL COMPANY, LIMITED, Edgar Thompson 5teel Works 

1 
DUQUESNE FORGE I OMPANY, Pittsburgh, Pa , 

fONES & LAUGHLINS, LIMITED, Pittsburgh, Pa., 
OLIVER IRON AND STEEL ( I MPAN1 , Pittsburgh, Pa . 

BROWN ft COMPANY, INCORPORA1 E D Pittsburgh, P 

TH1 l ARRIE FURNACE COMPANY, Pittsburgh, Pa., - . 

THOMAS IRON COMPANY, Easton, Pa., 

rOHNSON COMPANY, Johnstown, Pa., .... 

kUQUA MANUFACTURING COMPANY, Catasauqua, Pa 2 

CHICKIES IRON COMPANY, Chickies, Pa., 

I ni.UMBIA ROLLING MILL COMPANY, Vesta Furnace, Watta Pa (P.O , Marietta, Pa.), a 

POTTSVILLE IRON AND STEEL COMPANY Pottaville, Pa 2 

MAHONING ROLLING MILL COMPANY, Danville, Pa., 



orders, 1883-1 - 
orders, 1 M \-t B93, 
orders, 1 S84- 1 B94, 
orders, 1 B82-1J3 
orderSj 1 892-1893, 
Oct , 1892, 
orders, 1 592-1 $94, 

iers, 18*2-1' 

July, 1889 

orders, 1889-tl 
orders, 1891-1J 
. . Dec, 1 1 
orders, 1 81,3-1894 1 
. . June, 1893, 

3 orders, 1 - 
orders, c 88 1- 1 88 
orders. 1887-1888, 
orders, 1887-1890, 
orders. 1884-1885, 
• 2 orders, 1887, 
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Boilers. 

M CORMICK. & COMPANY, Paxton Furnaces, Harrisbuigh, Pa., Oct., 1884, 2 

k- H. COLEMAN, l ochie] Furnace, Harrisburgti Pa Oct., 1884, 2 

BIRD COLEMAN FURNACES, Cornwall, Pa., 3 orders, 2886-1888, 8 

LEBANON FURNACES, Lebanon, Pa., 2 orders 4 

I & R Ml 11 Y, Lebanon, Pa., Feb.. 2 

PERKINS & COMPANY, Mabel Furnace, Sharpsville, Pa 2 orders, 18 3 

SPEARMAN IRON COMPANY, Sharpsville, Pa June, 2 

SHARPSVILLE FURNACE COMPANY, Sharpsville, Pa Oct., 189 2 

MOOR HEAD BROTHERS & COMPANY, Sharpsburgh, Pa. Dei \% 1 

POTTSTOWN [RON COMPANY, Pottstown, Pa. . a orders, 4 

LICKDAL1 IRON COMPANY, Lickdale. Pa 2 ordi 4 

MARSHALL BROTHERS & COMPANY, Newport, Pa., June, 1S88, 2 

N'ORTH CORNWAL1 FURNACE, Cornwall, Pa 2 orders, 1889, 2 

LONGMEAD IRON WORKS, Conshohocken, Pa * ord( 4 

iBESONIA IRON COMPANY, LIMITED Robesouia, Pa. ! orders t88$-i8i 4 

1^ \\\i I I A 11 RN \» E I I >M lv\\\ . Etna, 1 ur., 18 2 

LATROB1 STEEL WORKS, Latrob Pa 3 orders, 188S-1C 8 

w DEWEES WOOD COMPANY, Sheet Iron and Steel, McKeesport, Pa Feb., 189 3 

MIDVAL1 STEEL COMPANY, Nicetown, Philadelphia, Pa 2 ord $1-1892, 4 

HUGHES & PATTERSON, Philadelphia Pa Jan., il 2 

M DANIELS HARVEY COMPANY, Sheet Iron, Philadelphia Pa June, 18 1 

McCULLOUGH IRON COMPANY, Wilmington, Del 1 ordei r4*~i882, 14 

McCULLOUGH IRON COMPANY, North East, Md 5 orders, 1880-189 7 

McCULLOUCH IRON COMPANY, Carbon Station, Md., Vpril, 18 1 

OLD DOMINION IRON AND NAU Wi >RKS I OMPANY, Richmond, Va, 2 orders, 18 3 

I> S. COOK, Princess Furnace, Glen Wilton, Va t orders, 18 1889, 3 

[VANHOE FURNACI COMPANY, I vanhoe Furnace, Va - Sept., 18 1 

WHEELING STEEI IND IRON COMPAN\ Wheeling. W Va., a orders, 1890-1893, 8 

FRANK LYMAN, Covington, Va Aug., it 4 

NORTON IRON WORKS, Ashland, Kj - - - . - tr., 1892. 2 

TENNESSEE COAL, IRON VXD RAILROAD COMPANY, South Pittsburgh, Tenn., . - Ma] 1887, 4 

i ll F.i« >KEE IRON COMPANY, < rtown, Ca., sb . rfi 2 

SHEFFIELD VND BIRMINGHAM COAL, IRON *ND RAILROAD CO., Sheffield, Ma., Feb., 18S7, 12 

GADSDEN ALABAMA FURNACI COMPANY. Gadsden, Ala Mar, 1887, 4 

DECATI R LAND IMPROVEMENT \M 1 FURNAJ I COMPAQ Deca ur, Ala ril, 18 4 

RLOSS STEEI AND IRON COMPANY, North Birmingham Via in, 18! 8 

SHELBY [RON COMPANY, Shelby, Ala faly, 1888, 4 

THOMAS FURNACI COMPANY, Niles Ohio 1891, 2 

WELLSTON FURNACI COMPANY, Wellston, I ihio, tr., 18 2 

UNION ROLLING MILLS Cleveland, Ohio . . Dei ,1891, 6 

[EFF1 RSON [RON WORKS, Steuben ville, Ohio, fune, 18 2 

CLAIRI FURNACE COMPANY, L*T'D, Cleveland, r »h . Oct 1 

ILLINOIS STEEL COMPANY. South Ch 111., Ma 93, 4 

NEWBERRY FURNACE COMPANY N rry, Mich., \i. »i, 1 

ASHLAND IRON AND STEEI COMPANY, Ash laud, Wis ril, ifi 1 

MINN! SOI \ Bl AST I URNAC1 I OMPANY, West Duluth, Minn ran . i8g 2 

AIKEN, M Nl 11 & COMPANY! * ilonial Iron Works, Govan, Scotland 3 

DOWLAIS IRON COMPANY, Dowlais, Glamorf ire Scotland July, 1890, 1 

DAVID COLVILL1 & SONS Motherwell, Scotland 21 

STEELCOMPAN^ <>l SCOTLAND, Blochairn and Newton, Scotland Jqi, 16 

WOODSIDI STEEL VND IRON COMPANY, Coatbridge, Scotland, ...... 2 orders, 1883-18 2 

i 111 -i MMERLEE & MOSS1 ND IRON AND STI EL < OMPANY, Mossend, Scotland, Sej I 5 

\ & J. STEWART ^ND CLYDESDALE, L'T'D M nd, Scotlan Sej 5 

^RROLS BRIDGI ^ND ROOF CO I ' I 'I ». I - rmiston Iron \\ orks, Glasgow - otland, - Nov. . 1 

WM BEARDMORE & COMPANY, Parkhead, Scotland, 0< 1 

Mil KIRKSTALL FORG1 COMPANY, Kirlcstall, 1 gland J orders, 1888- 5 

RDGAR MI EN & COMPANY el Manufacturers, Sheffield, England June. 1 

LTHEW J. HARTS SONS, rin Plate, Argyle Works, Birmingham, England Oct. 1 

'i \\ n >R S CHALLEN fl rmingham, England De< x 

NETTLI FOLDS, LTD, Castle Works, Newport Iron, England - . Sept., if 1 

kit HARD rHOMAS & CO., L'T'D, Iron and In. Plate I dney, Glouo hire, England, fune, 1- 3 

nil RHYMNEY IRON COMPANY, Rh England 1, Mar. and Nov., i8i 17 

Mil GWENDRA1 rH TIN PLAT1 COMPANY Kidwelly, Wales June, 18 2 

TH1 BRYMBO STEEL COMPANY, LTD I >o, near Wrexham, Wales, . 1 rders 1^,-1^1, 4 

>BERT WILLIAMS & SONS, LIMITED. Hay, Wal< Jul 1 

m|iie; iNONYMI DES FERS El UTIERS, ROBERT, Paris. Fiance 9*, 1 

1 -1 HG1 R, GH1 5QUIERI 8 COMPANY, Rolling Mill, Biache St Waasi Fiance Jan., 1890, 1 

,11: l l I RfeRl 5, I orge Master-. 1 tainge, France Feb., 1! x 

GOUVY ETCH Dieulouard, France. ... t orders, 1892-ifr 2 

LASOClfiTE INONYMI DES USINES DE ROSIfcRES, Rositres. France .... July, 189 x 
LA IEDAD MATERIAL PARA 1 1 RRO - 1RRILES Y CONSTRUCCIONES, 

Barcelona. Spain Feb., 1893, ■ 

<I\ INONIMA, "BASCONIA," Bilbao, Spain Aug., 1S93, 2 

l \ SO( mm \\<>\YUK DE LA FABRIQUI IM I I l< !>"< »r< .k 1 1 Ougrfe, Belgium, Fcb.,i89o, 1 

n II if INDUSTRIAL! NAPOLETANA, Naples, Italy July, 1885, 1 

SOC1ETA METALLURGICA ITALIANA, Livorno, Italy Nov., 1892, 1 
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f- um-dt> c. j i ,- Boilers II. r. 

I HALPI, Stendal, Germany July, iK i 30 

BRJANSK IRON WORKS, Bejit*a, Russia . . . . Feb 1 35 

VYKSOUNSKY IRON WORKS, Mouram, Russia Mar., il 1 125 

W. L. FAN SMITH, St. Petersburg, Russia ,,| |{ 3 744 

SOClETE" DES FORGES AND ACIERIES Dl DON! 1/ A DROVJKOWKA, 

Ekaterinoslav, Russia June, iS 1 192 

LA SOClETE ANONYM A DES FORGES! I M IERIES DE HUTA-BAXKOWA, 

Dombrowa, Poland, \uk., 189 1 155 

LA COMPANHIA NACIONAL DE FORJAS E ESTALEIROS Rio de Janeiro, Bnuil, . . Sept., iC 3 456 



STEEL AND IRON TUBING. 

Both 

NA'l ION a L TUBE WORKS COMPANY, McKeesport, Pa. rdcrs, if 1893 13 

THE TYLER TUBE AND PIPE COMPANY, Washing Pa 2. 4 

AMERICAN TUBE AND IRON COMPANY, Middleiown, Pa Jan., 1 

JAMES EADIE & SONS, Tube Makers, Rutherglen, Scotland, Ma 1 

JAMES MENZIES & COMPANY, Tube Makers, Glasgow, Scotland Oct., iSi 1 

A. & J. STEWART, LIMITED, rube Makers, Coatbridge, Scotland May, il 1 

JAMES ALLAN, Tube Maker, Coatbridge, Scotland a orders, it 1884, 2 

J. G STEWART, Souterhouse, West Coatbridge, Scotland, Jan, i8f 1 

jciix ri 5SELL & COMPANY, LIMITED, Tube Works, Wallsall, England, . t orders, 1880-1890, 4 

ALBERT HAHN, Tube Maker, Dusseldori Germany i -b., 1890, 2 

SOCIETE RUSS1 Dl FABRICATION DE TUBES, Ekaterinoslav, Russia, Feb., 18 1 

SOCIEDAD ANONIMA "TUBOS FORJADOS," Bilbao, Spain | U nc, 1 

SOCIEDAD TUBOS FOR J ADOS, Bilbao, Spain July, 18 1 

WIRE WORKS. 

WASHBURN & MOEN MANUFA( rURING COMPANY, Worcester, Mass. Boilers. 

tor NEW VVORKSatWaukegan.il] 2 orders, 1891, 16 

TRENTON IRON COMPANY, Trenton. N J 5 orders, 1880-1889, 7 

OLIVER & ROBERTS WIRE COMPANY, LIMITED, Pittsburgh Pa., ... ordei 18&-1891, 16 

I AM, VRD UNDERGROUND ( WAY COMPANY, Pittsburgh, Pa May, iS 1 

rHE PITTSBURGH WIRE COMPANY, Braddock, Pa. 1 orders, 1890-1892, 10 

Iowa BARB WIR1 COMPANY, Ulentown, Pa 5 

UK A DDOCIv WIRE COMPANY, Rankin, Pa. rders, 18 4 

WALTER GLOVER & COMPANY, Salford Wire Works, Manchester, England Dec., 1891, 1 

TH, GIRARIj ET CIE, Hemixem, Belgium \|,,il, , - x 

FOUNDRIES. 

rURNER & SEYMOUR MANUFACTURING COMPANY Porrington, Conn., . . s orders, 1880-1881 "' a *' 

THE J. L. MOTT IRON WORKS, New York .... May, 1891 2 

r. SHRIVE R A : ci>M PAN V, Fine Castings, and Copying Presses, New York Vpril i8i 1 

W. AMES & COMPANY, Jersey City, N. J., Nov., 1884, 1 

H M MEAL, Pipe Founder, Burlington, N. J. , . . Sept 1884 1 

hi \. K a '.I RMER, Stoves, Lie. Pa., Ocl x 

DANVILLE STOVE AND MANUFACTURING COMPANY Danville, Pa., Oct., iM 1 

INWAY & TORLEY COMPANY, Pittsburgh, Pa. hm 18 2 

JAMES l IIImM AS, Founder, Newark, Ohio Aug 18J 1 

UNION FOUNDRY AND CAR WHEEL WORKS. Pullman, III .88. , 1 

NATIONAL MALLEABL1 I 1ST I NGS COMPANY, Chicago, 111 I ,-,,, 3 

\ I Wll: COMPANY, Iron Founders, Portland, Oregon ... 2 

rHE BRITISH HYDRAULIC FOUNDRY COMPANY, Whiteinch, Glasf u Scotland, . . July, 1891, 2 

Mil PATI \ 1 SAND-MOULDING MACHINE COMPANY, Glasgow and Kilbowie, Scotland, Dec, 1890, 1 

IRROLL BROTHERS Glasgow, Scotland April, it 2 

rHE CARRON COMPANY, Iron Founders, Falkirk, Scotland Dec, 18 2 

I ft [ BOYDE, Iron Founders, Shettlestoo, Scotland 2 

HASLAM FOUNDRY COMPANY, Derby, England, orders, 1889-188 6 

BRADLEY & CRAVEN, Founders, Wakefield, England, . . Dec, 18* 1 

V. W. I RIEL> BERG, Pipe Founder, Neustadt, Eberswald, Gennauj Man, 189 1 

NAILS, SCREWS, BOLTS, Etc. 

/>■ 

AMERICAN 5< REW COMPANY, Providence, R. 1 April, 1891, 2 

PHffiMX HORSESHOl COMPANY, Poughkeepsie, N. Y., June, 1888, 1 

W. UKES & COMPANY, Jerse; Citj M.J Nov., 1884, 1 

READING BOLT & NUT WORKS, J. H. Sternbergh ft Sons, Reading, Pa 1 .- 1 

PENNSYLVANIA BOLT IND NUT COMPANY, Lebanon, Pa i orders, it 6 

BELLAIRE NAIL WORKS, Bellaire. Ohio Nov., 1893 2 

DETROIT MACHINE SCREW WORKS, Detroit, Mich Feb., 189 1 

THE' VPEWELL HORSE-NAIL COMPANY, LIMITED London, England tpril, 1890, 1 

1 BRITISH SCREW COMPANY Leeds, England, June, 1890, 2 

NETTLE FORDS, LIMITED Screw Makers, [*ydn, Newport, Monmouth, Wale* . . 2 orders 3 

BAUER & St HA URTI l It and Nut Works, Neuss, Germany . ... April. 1 



3.156 
458 
5i 
64 
104 
124 
268 

30 
480 
246 

86 

46 
76 



// /'. 

4.000 

481 

3580 

150 

2,500 

780 

1. 000 

»5 

76 



// /' 
100 

312 

45 

240 

104 

92 

104 

300 

50 
60 

450 
240 

280 

100 

146 
416 
208 

425 
108 

60 



1 1. P. 
416 
146 
240 
82 
698 
500 
132 

123 
320 

334 
136 









* 



•« 



137 



** 









SUGAR REFINERIES. 



BROOKLYN SUGAR REFINING COMPANY, Brooklyn, N V'., . - . 
[>E< ISTRO & DONNER SUGAR REFINING COMPAN\ . Brooklyn, N. 
HAVEM1 YER SUG IR REFINING I I >MP \N\ Bi fclyn, N \ . 
HAVERMEYERS& ELDER SUGAR REFININl COMPANY I 

MOLLENHAUER SUGAR REFININ MIMW Brool \ \ . . 

MATTHI1 5S1 N&WIECHERSSl GAR REFINING COMPANY I n 
FRANKLIN SUGAR REFINING COMPANY, Philadelphia. Pa., . . . 

i C. KNIGHT & COMPANY, Philadelph i Pa 

i l NNSYLVANIA 51 GAR Kill MX'. COMPANY, Philadelphia, Pa., 
5PRE< Kl LS SI G M< Rl FIN1 R \ Philadelphia, Pa . 
iSTON -i GAR RI FINE R\ . I asi Boston, Mass . 

B W ST \ i i SUG \k RJ FIN1 k\ Bos M iss., . . 

STANDARD SUGAR REFINERY Boston Mass., 
AMERICAN GLUCOS1 COMPANY Buffalo, N Y , Workt \ 
\MI RI( \\ i.i I O >S1 I l »MPAN\ r ...... Ill Works P 



• - - 

\ I 



II ■ 

ii lers, 
a »rd< 

■ 

- • • 

■ i 

2 '" 

4 (M.l 

6oi 

2 orders, 



Hoi; 

22 

21 

30 

8 

n-189 12 

1871-1889, 25 

ri-l8S 32 

.-- 1887, 8 

1881, 2 

18S 36 

5 
5 

»3 

I 1 - 17 

8 




The Babcock &. Wilcox Co., Havana Branch, 116; Calle de la Habana. 

THE BALTIMORE SUGAR REFINING COMPANY, Baltimore, Md June, 1S92, 

CHK AGO SI GAR Rl I 1NING COMPANY, ( hicago, 111., ; orders, .880-1S 

ROCKFORD GRAPE si G \k COMPANY, Rockford, 111 . lers, iSSa-ii 

CHARLES POPE GLUCOS1 COMPANY, Geneva, III., ... My, 18 

BELCHER SUGAR REFINING COMPANY, St. Louis, Mo., 



-iSSi, 
2 Old. 




ST. JOSEPH SI GAR RE1 INERY, st. J ,seph, Mo, 

FIRMINICH MANU1 M rU RING COMPANY, Marshall t 

LOUISIANA SUGAR REFINING COMPANY, New Orleans, La., 5. -18S9, 

PLANTERS' SUGAR REFINERY, New Or] I. . . . 4 orders, iSSa-iJ 

AMERICAN SUGAR REFINING COMPANY, Block X Reli . j orders, 1891 -il 

CHIN" VAI. I. FY lU-ir SL<;.\R COMPANY, Chino.Cal . . . Jan., 1 

s IINT LAWRENCE SUGAR Kl I INI RY, Montreal, ( anada 2 orders. .889-1890, 

NOVA SCOTIA SUGAR REFINERY, Halifax, N. S orders, 1! 

MUXCTON SUGAR REFINING COMPANY, M it, V B., 2 orders 1 

REFINERIA DE AZUCAR DE CARDENAS, Cardenas, Cuba, . .' orders, 1SM3-1S 

SAY ET CIE, Park, France, .... Nov., 1 

BERNARD XI A EUX, Nantes, France, May, ii 

SOCIETE" ANONYME DES SUCRERIES ET DISTILLERI1 3, St. Denis, I ranee, . . . Mar., 1 

A. & B. VAGNIEZ, Montieres les Amiens, France July, if 

LA SOCIEITE" NOUVELLE DES RAFFINERIES Dl iUCRl Dl ST LOUIS 

Marseilles, France Feb., 1893, 

LA SUCRERIE DE LANDUN L'ARDOISE, Gard, France, . . Mar., 18 

BRUSSELS REFINERY, Brussels. Belgium .... tag 

JULES DE COCK & COMPANY, Moerb#che. Belgium, . . . ... id ■■ 



138 



11 r 
4928 
3165 
6.260 
600 
2880 

5906 
6.218 

1980 
250 

9.000 

1.250 
798 

3.»so 

3792 
1 960 



8 


I.920 


26 


5838 


4 


9OO 


2 


600 


9 


»925 


4 


535 


8 


1 250 


10 


2,400 


8 


1 732 


19 


2.880 


4 


960 


3 


524 


8 


808 


3 


456 


17 


2 177 


1 


J 30 


1 


240 


2 


312 


3 


362 


2 


440 


I 


220 


I 


140 


2 


24* 







Mil 



N 












■h- 



* 



•44 



»[• 



Be '' f i 
Maj i i 



SOCIET1 INONYMA SUCR1 U Dl I Rl GL1 I 1 I Bruglette, Belgiun 
N \AM1 I ii iZl VENNOOTSHAP Dl CEDERLANDSCHE INDISCHI IXDUS- 
1 K I i , Kotti rdam, M 



DUCI A SUGAR WORKS, i i D 

[>] DANSKI SUKKER FABBR1KKEI I o-penhagi a, Di nmark, 
ENGLISH-Al rRIAN SUGAR REFINERIES, LIMITED, Vuwig, 
Mil i I | M. PLAN \-. VTch, 

SA1 A Pi >l Y CIA., Barcelona lin, . . 
P] \\ VS . 5i i BOS Hi RMANi >S, Ban 
R \i u L Ml >RA ro \ CIA., Ban i Ion i, Spain, , • 

tCIETA KK\ 'MM V RAFFINl R] K DI ZUCCHERI, ta 

k< IRJI K( •! i SUG .i: REFINERV Bogatoff, Russia 

PR] M I \\ VSSI1 rt HIK< »l Ml. k Russia, 

tin NOVO TAVOLJANSK1 BEE! SUGAR WORKS . ■ E Kara 

MM 5ACHS SOHXE, K ka, Russia, 

I'M. \ -i GAR RE I IM \'\ rcpic, Pu< A 

Rl ,S IRK i SUG \k R] l IM io irg Rep . 

REi 1 PRi '* I IV SUl i \K COMPANY, H in t, I ! titan Islands, 

LEI YEUN SUGAR REFINING COMPANY. Hong Kong, l hioa, 
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Yngenio Central Ysabel, Media Luna, Manzanillu, Cuba. 

SUGAR PLANTATIONS. 

// /•. 

RTH BEND PLANTATION ne ir Centreville, La rders, M 4 400 

D I KINM I I m, !!■ La., 2 5 8 

FOOS & BARNETT, 1 ■ I • '" » i;o 

II VAL1 \ ■ Parish, La \pril, 18S3, a :44 

M , BOAS, Alice P I I he, La i 136 

Wl I I I Wt II BALI \kh, < h ith 1 uio 1, Ascension Parish, La I 208 

I , A ' ■ ■ 1 I 1 1 * Parish, La 1 oni 1 8 , 5JO 

! & < G. ELI IS, Ml Houmas Plan \ Parish, La 

f. H. PUTNAM, Rose Hill 1 Abbeville, La ■ ■ ■ » r I22 

II hi ZtEGLEP. W i • ' orders, r 3 500 

WELHAM ESTAT1 Parish, La.,» . . 3 636 

I Mil I ROST, New Orleans, La., . , Ma ' I4 ° 

III VI- " \ rtemisa, Cuba, 1 150 

', ! rOLEDi l," Mariana ., « . »" 6 ' 4 ' 4 

\l l VNCIA '" Madan, I v i 2 75° 

Ml INTANA " Bahia Honda, Cuba, ^ ; -° 

: . •• -\\ Ai 1 -I IN," Bahia H v 8 4,e 

Vng nio ROS \l- IO - \. -.' •• 4 I0C ° 

\ 1 1 u DIO,' I 1 • ' "'• : *°° 

UERCEDITA," Ca 5 *»» 

I 1 IR I UNA." Mqu • ,nh & " 4 

1 1 ., [ON," Marie) Cuba, . J ul > - *°3 

V. . "G IN( III I \. ' Ul Ml I uba.* ™. 'J 4 ' 5 ~ 

Vn LAS CAN IS XII .Cuba,' J" 4 , ' 2 *° 

urning green I sc with ( 
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Boilers. 

Yngenio "COLISEO," Coliseo, Cuba,* . May, 1891, 2 

Vngenio "LA Vl.i. \ " I iuareira, Cuba,* June, 2 

Vngenio "s\N ACL'STIN," M IS, Cuba 1 >ec, 1889, x 

r.igenio "CENTRAL DIANA," Matanzat Cuba,* Mar., 18 6 

Yngenio "SAN MANUEL," Porto Padre, Cuba,* July, 1892, 2 

Vngenio "SAN IGUSTIN," Qui vican, Cuba 2 orders, 18SS-1889, 3 

Vngenio " Ml ROSA," Quivicao, Cuba 2 orders, i886-iS 3 

Vngenio " EMILIA, 1 Guinea, Cuba, 2 orders, 1884-1885, 3 

Vngenio "JESUS MARIA." Santa Ana, Cuba,* 2 orders, 1 888- 1890, 3 

Vngenio " NUESTRA SEftORA DEI CARMEN," Union, Cub Jan., j886, i 

Vngenio "CARDENAS." Cardenas, Cuba Mar., si 3 

Vngenio " GRATITUD," Manaeas, Cuba lug., if 2 

\ "LIMONES," Limonar, Cub April, 1890, 4 

Vngenio "SAN JOAQUIN," I'edroso, Cuba • orders, 1884-18 6 

Vngenio "SANTA CATALINA," Corral Falso, Cuba,' ... 4 orders, 1885-18$ 7 

Vngenio "SANTA FILOMENA," Corral Falso, ( June, is 4 

Viigenit. "CN'ION," Cuevitas Cuba, ... 6 orders, 1879-18.,:;, 12 

Vnj "SANTA RITA." Kim, tuba rders, i386-i8g2, 6 

Vngenio "SANTA GERTRUDES," Banaguises, Cuba," 5 orders, 1885-1893, 9 

Vnj SAN LUCIANO," Macagua, Cuba July, if 2 

Vngenio "4 ENTRAL MARIA,"! uimeta, Cuba Jan., 18* 2 

Vngenio " SOCORRO," Corralillo, Cuba Ma •?. 2 

1 igenio "SAN [OS! " Melena, Cuba,* June, 1802, 2 

Vngenio " SANTA rERESA," 511a, Cul 4 orders, 1889-18 5 

Yngenio " SANTA ISABE1 " Sagua, Cuba Sept., 188. 1 

Vngenio " LUTGARD I TA," 5 . 1, Cuba Sept., if 1 

Vngenio "CENTRAL YSA BEL," Media Luna, Mamanillo, Cubi ,2. 12 

Vngenio "CENTRA! rERESA," Ceiba Hueca, Manaanillo, Cuba,* 2 orders, is^-.s!!,,, 5 

Vi .•• "SAN RAMON," Manzanillo, Cuba 3 

Yngenio "CIENEG1 ITA," Abreus, Cuba, orders, 1883-1891, 

Yngenio " DOS HERMANOS," Cruces, Cuba,* a orders, 1887-189: 6 

Yngenio "ANDREITA." Cruces, Cuba* 2 orders. r 880-1891 . 4 

Vngenio ' TERESA," Cruces, Cuba 1 orders, 1884-1891, 5 

Vngenio "CENTRAL CARA( IS." Cruces. Cuba," 1 orders, 1890- 7 

Vngenio' SANTA! ITALINA," Cruces, Cuba April, ti 2 

Vngenio"SAN FRANCISCO," Cruces, Cuba,' July. 2 

Vngenio " CONSTANCIA," Cienfuegos, Cuba," 10 orders, 1881-1889, 21 

Vngenio " LEQUEITIO," Cienfu Cuba.* 5 orders, 1887-1890, 8 

Vngenio " CENTRA1 SAN AGCSTIN," Cienfuegos, Cuba,* orders, 1889-1890, 8 

Vngenio " v\N LINO," Cienfuegos, Cub \ \o\ . >- 2 

Yngenio " SOLEDAD," Cienfuegos, Cuba 2 orders -1889, 2 

Vngeni.. '• PorticaLETI " Cienfuegos, Cuba,' 3 orders, 1888-1893, 7 

Vngenio "CENTRAL SAN FERNANDO," Cienfuegos, Cuba Oct., 1 

Vngenio " CENTRAL N ATI VI DAD," Cienfuegos, Cuba Sq, 1 

Yngenio " MANUELITA," Cienfuegos, Cuba,* Mar., 1892, 4 

Yngenio " SANTA MARIA," Cienfuegos, Cuba,* . .rders, 189*-] 893, 2 

Vngenio " HORMIGUERO," Palmira, Cuba,* 5 orders, 1881-1 892 8 

Yngenio " PURIO," Calabaral, Cuba," .rders, 1890-1^ 2 

Yngenio "UNIDAD," Cifuenles, Cuba," -1892, 5 

Yngenio "SAN JACINTO," Villa Clara, Cuba Oct., 1 88a, 1 

Yngenio " CANAMABO," Trinidad, Cuba Sept., 1885, 2 

Yngenio "CENTRAL NARCISA," Yaguajay, Cuba,* 5 orders, 1S90- 1893, 6 

Yngenio "SAN AUGUSTIN," Caibarien, Cuba,* May, 1891, 6 

Vngenio "SAN FERNANDO," St. Spiritus, Cuba tut. ,886, x 

Yngenio " NATIVIDAD," St. Spiritus, Cuba, Oct., 1889, 1 

Yngenio "CENTRAL RED ENCION," Nuevitas. Cuba Jan., 1883, 2 

Yngenio " LA CARIDAD," Nuevitas, Cuba 2 orders, 1889 -1889, 3 

Yngenio " EL CONGRESO," Nue vitas, Cuba 7 orders. 1S83-1 885, 7 

Yngenio "SENADO." Nuevitas, Cuba,* 3 orders, 1883-1 Bf 4 

Yngenio " CENTRAL EL LUGARENO," Nuevitas, Cuba,* May, 189a, 4 

Vngenio' x\N FERNANDO," Tunas, Cuba Julv, 1890, x 

Yngenio " LUIS A," Bemba, Cuba, Feb., 18 2 

Yngenio " SANTA LUCIA," Gibara, Cuba,* 2 orders, 1S87-1S90, 5 

Yngenio -SAN SEBASTIAN," Santiago, Cuba . | orders, 1S84- 1890, 3 

Yngenio " BELL EZ A," Santiago, Cuba, May, 188., 2 

Yngenio "SAB ANILLA," Santu- Cuba, June, 1S90, x 

Yngenio " DOS AMIGOS," Campechuela, Cuba, 2 orders, isx 4 , - 4 

Yngenio " SANTA ROSA" Guantanamo, Cuba July, 1881, 1 

Yngenio "SAN ANTONIO," Guantanamo, Cuba,* 4 orders, 1881-18 6 

Yngenio " SOLEDAD," Guantanamo, Cuba 3 orders, 1880 4 

Yngenio " LOS CANOS," Guantanamo, Cuba 3 orders, 1 883-1 S90, 6 

Yngenio "SAN JOSE," Guantanamo, Cuba Mav, 1881, 4 

Yngenio "SAN V INC ENTE" Guantanamo, Cuba Aug., 1885, 2 

Yngenio "SAN TA M \R I A," Guantanamo, Cuba 5 orders, 1882- 1892, 6 

Yngenio "SANTE F£." Guantanamo, Cuba July, 18 1 

Yngenio " ISABEL," Guantanamo, Cuba,* . . June, 1890, 2 

• Burning preen bagasse with Cook's Patent Apparatus, see p. 59. 
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gcnio "SANTA CECILIA," Guamanamo, Cuba i* 1 

i genio " ROM ELI E," Guantanamo, Cuba, • * order*, 1891 

Yngcnio " CONFLUENTE," Guaolanamo, Cuba May, 

Yngenio SAN MIGUEL," Guantauarao, Cuba Sept., 

yog "TERESA" (Marquis de la Gratitud), Cuba May, 

'ANGELINA," Sau Domingo, W 1 Aug., 

Hacienda " FORTUNA," Porto Rico Nov., 

Hacienda " FLORIDA YANCO," Ptoto Ri< Jan 

Hacienda " REPARADA,' Porto Rico Feb., 

Hacienda " LOS CA&OS," Porto Rico Sept., 

Hacienda "GUARACH A," Irapuato, Mexi Aug., 

Hacienda "SAN MARCOS, 1 falie Me» . 2 orders, 1884- 

IRCIA ICAZBALCETA KERMANOS, City of Mexico, - 2 orders, Nov., 

REM I(i 10, NORIEGA \ HERMANOS Cuahuisrla, Mexico, a orders, 1891- 

SE5JOR CARMON A, Cuerrovaca, Mexico, Jan, 

BEISTEGU1 AND CARMONA, Mexico/ Mar., 

1 C. GUERRA'S SONS, Hacienda de Santa Ines, Mexic May, 

]"\\y DIAZ RUBIN, Yngenio Sau Felix Rijo, Puebla, Mexico/ April, 

SERAPHIM SAL< 1 DOS Hacienda de Padernales, Mexico Dec., 

Yngenio . Valence de Venezuela Sci>t 

Yngenio "VII I'ORIA EN GRE< I A," Coa lB July. 

Yngi x EL S1TIO," Costa Rica J"l>- 

Y S CORNISH, "HOPE" PLANTATION, Demarara, British Guiana July, 

Jl K.. I » v \ --< » \ Berbice, British Guiana ■ • Jan., 

TORROMIi SONS & COMPANY, London, for Rosario, Rio de la Plata. Arg Rep., .... Oct., 

HAWAIIAN AGRICULTURAL COMPANY, Pahala, Hawaiian Islands 2 ord< 

PAl'I. Wirroi'CK (Beel Sugar Manufacturer), Breda, Holland a orders, 

UTRECHTSCH1 Bl 1 rWORTl L SUIKER I WBRIC, Utrecht, Hullan.1 April, 

MYRLESS-WATSON & Y ARYAN COMPANY, foT Plantation in Jai July. 

W. WALKER, for Plantation at Soerabaya, Java, Nov., 

DE NEDERLANDS INDISCHE LANDBROUW MAATSCHAPPY, Soerabaya, Java, a orders, 1891- 
REYNOLDS BROTHERS, LIMITED, Natal, South Africa, Feb., 



Boilers. 
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• Burning green bagasse with ( ook's Patent Apparatus, sec page 5 1. 

RAILROADS. 

B 

CENTRAL RAILROAD OF NEW JERSE\ Jersey City, N. J > orders, 1888-1892, 

PENNSYLVANIA RAILROAD « IR SHOPS Hoboken, N. J Ma S3, 

SEABOARD & ROANOKE RAILROAD, Portsmouth, Va fan 1888, 

LAKE ERIE & WESTERN RAILROAD, Lima, Ohio Sept., 18! 

rOLEDO & OHIO CENTRAL RAILROAD, Bucyrus, Ohio Oct., 1 81 

rOLEDO, COLUMBUS & CINCINNATI RAILWAY, Toledo, Ohio, Oct iS 

FLINT & PER! MARQUETTE RAILROAD ( \K SHOPS, Easi Saginaw, Mich ril. 1881, 

1 lilt \GO, BURLINGTON & QUI NCY RAILROAD, Burlington and Ottumwa. la, 1 , on j ers ,88i-i8J 

CHIl kGO. BURLINGTON & QUINCY RAILROAD, Chicago, 111 1 

rERMINAL RAILWAY ASSOCIATION April, 18 

ST. PAUL & NORTHERN PACIFIC RAILROAD, Como Shops, Minn .... a ord< »s-i* 

MINNESOTA & NORTHWESTERN RAILROAD, St. Paul, Minn \ orders, 1886-1887, 

DULUTH & IRON RANGE RAILROAD, Duluth, Minn., Aug 

NORTHERN PACIFH RAILROAD, Tacoma Shops, Wash a orders, 1890, 

NORTHERN PACIFIC rERMINAL COMPANY, Albina Shops, Oregon Feb., 1884, 

KANSAS CITY, FORT SCOTT VND MEMPHIS RAILROAD, Springfield, Mo., \ nil, 18 

MAN( HESTER SHI I ill LD & LINCOLNSHIRE RAILWAY COMPANY, LIMITED, 

Grimsby, England Feb 

i,KI \l NORTH1 RN RAILWAY COMPANY, Farrington Goods Station, England V 

NETHERLANDS' STATE RAILWAY, Utrecht, Holland Nov., xl 

THI PORTUGUESE RAILWAYS, Lisbon, Portugal Oct., (89, 

MOSCOW KURSK RAILROAD, Moscow, Russia ♦ orders, 1886-1890, 

MOSCOW-NICHNY RAILWAY, Moscow, Russia Mar., 1890, 

MOSCOW-RJASAN RAILWAY, Moscow, Russia, Feb., 18 

NIC0LA1 RAILWAY, Moscow, Russia Sept., 1889, 

fAKATERINENSK^ RAILWAY, Moscow, Russia, ... Sept., 1890, 

SOUTHWESTERN RAN. WAV, Kief, Russia Maj 1890, 

VLADICANCAS RAILROAD, Rostoff a/Don, Russia, Dec., 1890, 

EKATERINENSKY RAILWAY COMPANY. Ekaterinoslaf, Russia Mar., 1892, 

KURSK-KIJWSK RAILWAY COMPANY, Conotop, Russia June, iS 

iMPANHIA ESTRADA DE FERRO TIJUCA, Rio de Janeiro, Brazil tpril, 1891, 

LIMA & ORRYA RAILROAD COMPANY, Callao, Peru, & \ July, i*;., 

CH I M BOTE RAILWAY COMPANY, Chimbote, Peru, S. A April, 187a, 



MACHINERY AND ENGINEERING. 

Boiler*. HT 

HOW1 SCALE COMPANY, Rutland, Vermont Dec, 189*. * 328 

I Hi PETTEE MACHINE WORKS, Newton Upper Falls, Mass. Nov., 1S92, 1 210 

PROVIDENC1 STEAM AND GAS-PIPE COMPANY, Providence, R. I. Sept., 1888, 1 71 

OTTRELL & SONS, Printing Presses, Westerly, R. I. 3 orders, i88a-ix.,i, 4 385 
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4. 



Babcork L Wilcox Boilers at Baldwin Locomotive Works, Philadelphia. Pa. 2,080 H. P. now in use. 
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Boilers 

l\Mi- BROWN, Pawtucket, R. 1 ■ - 1 "" 1 " ,8 93' l 

STAN I 'A RD MACHINERY COMPANY, Mystic River, Conn. 2 orders, 1881-1890, 2 

ONECO MANUFAi NJRING COMPANY, New London, Conn. June, 1892, 2 

BROWN COTTON GIN COMPANY, New London, Conn Oct., 188 1 

INTERIOR CONDUIT AND INSULATION COMPANY, New York, 2orders,if », » 

NIKOLA rESLA, New York - 1 " 1 •■ |S '"' ' 

UNITl !• >1 Alts NAVY, Blacksmith Shop, Brooklyn, N ^^ Fuly, 1893, 2 

1 w BLISS COMPANY, Presses I'.rookly.i. \ V., July, 18I 1 

HENRY R. WORTHINGTON, Hydraulic Works, Brooklyn, N Y No< 2 

HEPWORTH ft COMPANY, Yonkers, N. V June, 18 1 

CLARK BROTHERS, Machinists Belmont, N \ May, 18791 l 

1 NION ELECTRIC COMPANY, Orangeburgh. X \ Jan., it 2 

SCHENE( 1 \\>\ LOCOMOTIV] WORKS, Schenectady, N \ •* n, 5 

EDISON MACHIN1 WORKS, Schenectady, N V 5 orders, i 12 

EDISON PHONOGRAPH WORKS, Orange, N. J • • • Ma 2 

EDISON LAMP COMPANY, Harrison. N I, 4 orders, 18 1892, 6 

SPRAGUI ELECTRK ELEVATOR COMPANY, Watsessing. N. J May, 1893, 2 

BALDWIN LOCOMOTIVE WORKS, Philadelphia, Pa. rders, 1890-18 12 

H W BUTTERWORTH & SONS Philadelphia, Pa., . . -I" ,K " * 

IRDON, STROBEL & LAUR1 AU, LIMITED, Philadelphia, Pa., 1 1 rs, 1880-18 35 

WESTINGHOUSE AIR BRAKE COMPANY, WUmerding, Pa 18 

WESTINGHOUSI MACHINE COMPANY, Pittsburgh. I'a , 2 orders, 1890, 2 

riNC.HOUSl ELECTRK IND MANUFACTURING COMPANY, Pittsburgh, Pa., . Jan.'- 1 

H K PORTER & COMPANY, Locomotives, Pittsburgh, Pa • Feb., » 

THE ROBINSON-REA MANUFACTURING COMPANY, Pittsburgh, Pa. Ug., 1891, 1 

["HE I XGKRsol.L SERGEANT DRILL COMPANY, Easton, Pa. - |une, 1893, 3 

1111 FACKSON & SHARP COMPANY, WUmington, Del., 6 orders, iS8i-.s<,j. 10 

THE J. MORTON POOLE COMPANY, Wilmington, Del., ... Oct., 1873, 2 

UNITED STATES NAVY YARD, Washington, D. C » orders, 18 J88, 7 

UNITED STATES NAVY YARD, Norfolk, Va Ipril, 1887, 3 

J A. FAY & COMPANY, Cincinnati, Ohio ... Oct., 2 

CINCINNATI CORRUGATING COMPANY, Cincinnati, Ohio, Feb., 1884, 1 

BLACK & CLAWSON COMPANY, Hamilton, Ohii x "~ • ,v x 

[SAA< D SMEAD & COMPANY, Toledo, Ohio May, i* 1 

FLINT & WALLING MANUB U rURING I OMPANY, Wind Engines, Kendallville, li»d., Feb., 1 

sOl/TH I'KXI) PL MP COMPANY, South Bend, Ind., .... "■ ' • J 

DODGi MANUFACTURING COMPANY (Rope Transmission, eti , Mishawaka, Ind., \» . 2 

FIELDHOUS1 ft DUTCH ER MANUFACTURING COMPANY, Chicag ill Feb., 1882, 1 

M. LASSIG, Bridge Builder. Chicago, 111 orders i88j-i» 4 

MASON ft DAVIS COMPANY, Bridge Builders Chicago III., May. « 

CHICAGO BRIDGE AND IRON COMPANY, Chicago, 111., . .... April, i8» 1 
FILAR &STOUREE COMPANY. Milwaukee, Wis., . . • ■ J" ne ' l8a,> 

WESTERN ELECTRK COMPANY, Electrical Engineers, Chicago, 111 "D., 

AMERICAN BRAKE COMPANY (Westinghouse Company, Lessee), St Louis Mo., . . Nov., 1 -, 

HOLBROOK, MERRILL ft STETSON, San Francisco, Cal., April, 1886, x 

IUDSON MANUFACTURING COMPANY, San Francisco, Cal .... Tders 3 

SAN FRANCISCO TOOL COMPANY. San Francisco. Cal 

KENNEDY'S PATENT WATER Ml M -R COMPANY, LIMITED, Kilmarnock, Scotland, Mar., 1 
THi; (. I IM I ELD COMPANY, LIMITED, Kilmarnock, Scotland I ordei 1 

JAMES KEITH, Arbroath, Scotland • • • • • *£ - 

CHARLES McNEIL, JR., Maker of Manhole 1 rs, etc., G Scotland, . .' ,' 

ALEXANDER TURNBULL & COMPANY (Valve Makers), Glasgow, Scotland April, in 

WM R SHANKS ft BELL (Ship Builders), Yoker, Glasgow, Scotland - July. '89«. « 

MILLER & COMPANY, Edinbu. —land, . . . rders, 1885-1* 3 

SIDNEY HARGRAVES, Engineer, L Ion, England • ■ « 

j S II GWYNNE & COMPANY, Hydraulic Engineers, London, England : , s, 4 

, BURTON, Nine Elms Lane, London, England, . ■ • * onk 

[AMES SIMPSON & COMPANY, LIMITED, Pimiico, London England 12 orders ..- i, -5 

SHARP & KENT, Electrical Engineers, London, England 5 orders, 18 tf, 7 

FAMES GIBB ft I OMPANY I ondon, 1 1 and, ; J ! 

THOMAS MIDDLETON & COMPANY, London, England, a orders, it 3 

H STOPES & COMPANY, Engineers, London, England, . • W- 

HAMMOND & COMPANY, Electrical Engineers, London. England, • - 4 ord< -,-i.,i. 14 

THE WESTINGHOUSI ELECTRK COMPANY, Engineers, London, England, . . a orders, it 1890, " 

JOHN BIRCH & COMPANY, London England N »*• 2 

\ RANSOME & COMPANY, Ch • I .ndon, England »«W» 

NALDER BROTHERS & COMPANY, Engun rkenwell, London, England Sep 1 

DRTEVANT BLOWER COMPANY, London, England, 

WILSON W. PHIPN>N 1- "d »■ England, . ,!'?!- 

WHITMORE & BUNYON, Engin London, England, - uV,- 1 

I MRDA RAYNOR, London, England, ... •' J 

G. J. WORSSAM & COMPANY, London, England ' 

BELLS' ASBESTOS COMPANY, LIMITED, London. England, "" J 

DEWRANCE & COMPANY, Engineers London England • . . • - ' ' ,r ' ' 

WILLANS & ROBINSON, LIMITED FerryWorks rhames Dmon, Surrey, England, . . Nov., 1891, 
WM. PARKINSON & COMPANY, Gas Motors, City Road, London, England, |lu '""' 
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MARTIN] M S SMITH, Binninglian-., England (I 

JOHN I I >\\ LER & ( OMPANY, Boiler M I gland, . . 

i.i I I wvimiIi & BATTEY, 1 I eeds, I id 

1 Hi l \\ \ - W II S< IX, .11 (MP \\\ Hull. England 

LNSOME, SIMS & II I I Rl I S, Ipswich, I nglan 
i i \ I l( KM I i land, 

'Mi i : MATTHEWS Hyde, neai Mam hesu i i 

IIY I DMUNDS, formerly Glo i . Salford V\ orl M i 

\M i\ R WIN. Wal i rkshire, I 

GOD! IARIJ M VSSI \ \ V \\<\\ i Nottingham l ngland, 
S. EDO] i ■ \\ in i hain ihiffnal, I ngland, 

i [HARD '.. i i IMP V.N 8 Machinerj i 

L. Willi \kl k & SON'S Ci in I "I Mill, H • i ngl in . .. 
PLAYER BROTHERS. R i 
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Working Modal of Babcock & Wilcox Boiler <u South Kensington Museum, London, at request ol British Government 



i = i\\ \.\ S Hi \ I I I-:.. Newcastle 011 ?ym E id, . func 1 

DAVIDSON & COMPANY, Sirocco Works, B Ireland 

< H \\ \\\l BRUN I 1<I Ki - I hamond, I ram 

LOUIS- FONTA INI I lelaine les Lille I ra m Bo i M l! i 

M GUITTON, rical Engines 1 j ai 

EDMOND B \r I 1 5Si H Pai 

I GOUYER Paris I ram ■ 

ENRIQ1 1 GAD! \ 1 .< 1 1 1 . . . j , ( 

M M S GUN II VRD S \ BISS< -\ & I ■ IMP INY, Pai I raw 

« II DES POMP! - WOK rHINGTi >N Pai I ranee, 1 1, 

C VBOILARD, v < de Materiel [elephoniquc Pai Fra orders, 18 

SCHNEIDER & O >MP VN \ 1 rusot, I ran< e 

R w 1 \l I.\l\ 1 I l 11 . Romilly, I ran. April 

LA SO< MM 1-1 1 ON I I'll 1 IONS Ml ( \\!<h 1 5, Rh< 

THOMAS POU . 1 1 Rou. 

►MBARD 1 I RIN ETCIE., Lj Franc. 

SI I Zl-l: 1 kl R J - Winterthur, Switz< 
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Boiltrs. 

G. DAVERIO. Constructeur, Zurich, Switzerland, Sept., 1890, 1 

PHELPS & SCHROEDER, Engineers, Lausanne, Switzerland April, 1892, 1 

BERLINER MASCHINENBAU ACTIEN-GESELLSCHAFT, Berlin, Germany, . . js orders, 1888-1 45 

BIEDERMAN & CZARNIKOW, Telegraph Apparatus Manufacturers, Berlin, Germany, . . April, 1890, 1 

C. L. P. FLA< K SONS, Wood Working Machinery, Berlin, Germany May, 189a, 1 

LUTHER, Engineer, Braunchsweig, Germany ■ • 5 orders, 1890-1893 5 

K. A. HERBERTZ, Cologne-Deutz, Germany Sept., 18 1 

F. DETRAUX, A. DELCORDE & G BERG&S, Nivcllcs, i'.elgium Fan., 1 

PIERRE BROl'HoN, Prf llinet, Liege, Belgium 3 orders, 1889-1891, 3 

PLANAR, FLAQUER Y CIA., Gerona, Spain » orders, 1890, 3 

LA SOCI ED AD " VISC AYA," Bilbao, Spain Jan., .-,,.. 1 

SOI MATERIAL PARA FERRO-CARRILS Y CONSTRU< HONES Barcelona, Spain, Nov., 1 

MODESTO LAVIADA, Oreida, Spain, Jan., 1884 1 

W POLE ROL'TH. Opnrtu, Portugal Mar., 1 1 

RICHARD OAKLEY & COMPANY, Engineers, Lisb Portugal Oct., 1 4 

ERSTE BRUNNER GESELLSCH A FT, Vienna, Austria 3 orders, 18 12 

ALEXANDER FRIEDMANN, Vienna, Austria Mar., i* 1 

ENRICO CANZI AN I, Milan, Italy, Sept., iJ 1 

LA SOU I IE INDUSTRIELLE ET CO M.MERC I ALE DES M ETAUX, Livorno. Italy, . July,,- 7 

I VRMELA G. LAGANA, Palermo, Italy lut> t if 1 

GIROLAMA TAI>DEI, Engineer, Aquila, near Rome, Italy ''•' " ■ 3 

SOClETl MMKAI.l D'ENTREPRISES D'ATHENES Athens, Greece, . . orders, 1889-1891 4 

1LVART & COMPANY Gottenburg, Sweden, . . Sept., i8i 1 

TEBORGES MEKANISKA VERKSTADS AKTIE-BOLAG, Gottenburg, Sweden, . . , June,' 1890, 1 

AKIN BOLAGET ATLAS, Stockholm, Sweden orders, 1889-1891, 5 

[OHN STERNBERG, Engineer, Helsingfors. Finland, Russia 2 oi.leis, t**< r i^,i. 3 

WILLIAM BARRY & COMPANY, Si Petersburg, Russia 2 orders, 1891, 2 

ZYRARDOWER ACTIEN-GESELLSI HAFT VON HILTE & DITTRICH, Zyrardow, Russia, Aug., i8£ r 

W. GRATCHEFF & COMPANY, Machinists Moscow, Russia April, 1 8 1 

FAIRBANKS-BLOCK S( ^LE WORKS, Moscow, Russia Oct, 1889, 1 

south DNJI lK«»i ^K\ I RON WORKS, Russia Jan., 1893, » 

M. IVANOl 1 Irkutsh, Russia Ma y» « 

ALBERT BAUER, Bucharest, Roumania Jan.. 1894 2 

i 1 DWARDS & CO., Bombay, India J«'.v. is.,.?, 1 

REUNERT & LENZ, Engineers, Johannesburg, South Africa 6 orders, 1890- 9 

GOVERNMENT MACHINE WORKS, Boyaca, L - « 2 orders, 1S80, 6 

COMPANH1A EVONEAS FLUMINENSE, Riode Janeir.. Uv.iril, • . Mar., 1891, 2 

I HI AUSTRAL OTIS El EVATOR & ENGINEERING CO , LT'D, Melbourne, Austi Jan., 1890, 1 
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HARDWARE AND TOOLS. 

Boilers. 

DALZEL1 AXLE COMPANY, South Egremont, Mass Mar.,. 1 

NICHOLSON FILE WORKS, Providence, R.I. » orders, 1881-1 a 

EXCELSIOR NEEDLE COMPANY, Torrington, Conn \ orders .1 886-1893. 4 

BILLINGS & SPENCER COMPANY, Tools, Hartford, Conn. Ei iu 

PECK BROTHERS & COMPANY, New Haven, Conn ) ' " ' ' 

KEARNEY & FOOT COMPANY, FUes, Paterson, N.J JJ*.i ■ 

1 ( sTEAKN^ \ COMPANY, Hardware, Syracuse, N. Y. '"' I \. . , «• ' 

WHE1 I IK, MADDEN & CLEMSEN MANUFACTURING I OMPANY, Middletown, N. Y., May, 1883, 2 

NORTON CAN COMPANY, Tinware, Whitestone, L I., V. Y >.-pt , iv^. 1 

W H & G. W. ALLEN, Hardware, Philadelphia, Pa ApnI. 1882 2 

tfETTE R. PLUMB, Cutlery, Philadelphia, Pa 2 orders, 188 1-1 J 3 

BINDLEY HARDWAR1 O »M P AN V. Pittsburgh, Pa • 1"™- lS #» ' 

MILES TOOL WORKS, Hamilton, Ohio 2 orders, 1SSS-1SS9, 3 

P HAYDEN SADDLERY HARDWARE COMPANY, Columbus, Ohio a orders, 1886-1890, 4 

THI LODGE ft DAVIS MACHINE TOOL COMPANY, Cincinnati, Ohio Oct., 1891, 1 

M C. HENLEY, Skate-, Richmond, Ind ApnI, 1SS4. 1 

PHfENTX HORSESHOE COMPANY, Joliet. Ill • ' c b • »»■ * 

NORTON BROTHERS, Tinware, Maywood, 111., a orders, 1 893-1894, 

BENJAMIN BOH IN FILS, Needles, St. Sulpke s/RUle, Orae, France May, 1893, 

MUNKSTALL MEKANISKE VERKSTADS, File Makers, Eakelstuna, Sweden s«=pt-. «»93. 1 

A. & F. PARKER & COMPANY, LIMITED, Forks, Spades, etc., Birmingham, England, June, 1888, 

GEORGE RICHARD & COMPANY, LIMITED, Broadheath, near Manchester, England, . Oct., 1887, : 

- 



COPPER, BRASS, ZINC, ALUMINIUM, Et< 
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Boilers. H. P. 



THE SCOVILLE MANUFACTURING COMPANY. Waterbury, Conn , 
BENEDICT & BURNHAM MANUFACTURING COMPANY, Waterbury, Conn., 

WALLACES SONS, Ansonia, Conn. 

A-HCROFT M\M'KALTTRIXG COMPANY. Bridgeport, Conn., 



3 orders, 1 879-1892, 5 750 

5 orders, 1882-189;, 6 1396 

2 orders, 1878-1881, 6 520 

. . Dec, 18S5, 1 73 
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Boilers. 

CONSOLIDATED SAFETA VALV] COMPANY. Bridgeport, Conn , " order*, 1885-1880, 2 

I p GLEASON MANUFACTURING COMPANY, Gas Fnttures, New York, . . Jan., 1883. 1 

VNSONIA CLOCK. COMPANY, Brooklyn. N. Y » orders, 1870- 1884, 4 

CHE PITTSBURGH REDU< HON COMPANY, Aluminium, Pittsburgh, Pa., . - 4ordei- -1803, 

i ILTIMORE El I «TRIC REFINING COMPANY, Copper, Baltimore, Ml, .order-, 1891 1894, 

UNITED STATES MINT, New Orleans, Li May, ijea, 1 

WIN>H>\v HKOTHKRS COMPANY, Chicago, 111 .;,,-,-,,.-,;, 

MATTHIESSEN « HEGELER ZINl COMPANY. La Salle, 111 orders, 1873-18 3 

v BAKER, Ban Francisco, 1 d., ■ • , • • • • lun,J 'Jj 1 ' \ 

1HI COWLES SYNDICATl COMPANY LIMITED, Aluminium, Milton, J igland, . Uct., KM 

CHE LIVERPOOL SILVER AND COPPER COMPANY, Widnes, England, - . sow 2 

CHARLES BARWELL, 1 r Tube Mill, Birmingham, England, ■ June . »»7. 1 

rHOMAS BOLTON & SONS, Mersey Coppe r \\ Widues, England, »« -1891, 
LlK'M as B 01 I >N & SONS, Brass and < I * Makers, Oakmoor England. \ orders, 1889-18 

rHOMAS BOl rON & SONS Copper Smelters, Birmingham I gland Jan., 1884, 

THOMAs r,<»i/n>N., SONS erSm P kamon, England • J ""«-•■ 

HENRY WIGGIN & COMPANY 1 Birmingham, England : aT 

RICHARD THOMAS & COMPANY, ["in, Sydney, England, . . . .... Sept., ij 

II ; FLOWER & COMPANY, Rn, Melwyn Tin Works, Neath, Vl Mar., 1 

M. CLIN, Brass Works, Paris France, . . May, 18: 2 

LA SOCIETY FRANCAIS1 Dl L'ALUMINE PUR1 Marseilles. Fra June, ^ 1 

.mil 1NONYME DES MINES IT PONDERIES Dl ZINl Dl LA 

VIELLE, Monl j I Ken«, Fran. * *i ■ 'J 

B. HANTKE, Ekaterinoslav, Russia, - . ■ ■ - • • ' ' lir -' "■ 

KOLTSCHUGIN COPPER AND BRASS WORKS, Uexandrofi near Moscow, Russia, . . Jan., is« 3 

\ \ PHOR, I Worker. N Russia S 00 *' ' 

50CI£"T1 Dl L'USINl X CUIVRE El \ fUBES, St. Petersburg, Russia Nov., 18 1 



CABLE AND TRACTION TRAMWAYS. 

Both '•' 

NEW YORK ^ND BROOKLYN BRIDGE Brooklyn, N. Y n, »* 

WASHINGTON & GEORGETOWN RAILROAD, Washington, D.C, .... t< 1,1889-1891, 13 

STANDARD UNDERGROUND I VBL1 COMPANY, Pittsburgh, Pa Oct., 2 

CLEVELAND CITY CABLE RAILWAY COMPANY. Cleveland, Ohi Vlar., it 3 

rHE VALLEY CITY STREE1 ft CABL1 RAILWAY COMPANY. Grand Rapids, Mich., April, 1891, 4 

CHICAGO CITY RAILROAD. Chicago, 111., April, 1881 4 

SI PAUL CITY RAILWAY COMPANY, St. Paul, Minn., .rders, 1888-18 n 

MINNI U'Mi.iv STREET RAILWAY COMPANY, Minneapolis Minn Sept., 18J 5 

GRAND VVENUE RAILWAY COMPANY, Kam ty, Mo • • - s8 . 4 

METROPOLITAN STREET RAILWAY COMPANY, Kansas City. Mo orders, 18I 9 

PEOPLE'S 1 ^BLE RAILWAY 1 iMPANY, Kansas City, Mo., . , ■ Aug., 1887, 3 

ILMES STREET RAILWAY COMPANY, Kansas City, Mo., I 2 

DENVER CITY CABL1 RAILWAY COMPANY, Denver, Col., .rders, 1 81 n, 4 

MARKE1 5TREE1 ( IBLE RAILWAY, San Francisco, Gal. orders, i88a-i 8 .0 

PIEDM0N1 CABLE COMPANY -.Iran. Cal ... My. 3 

CALIFORNIA STREET CABLE COMPANY, San Francisco, Cal May, 1890, 3 

IRY STREET, PARK AND OCEAN RAILROAD, San Francisco, 1 1 .... July, 189a * 

TACOMA RAILWAY \N I » MO l'"K COM I' \ N .ma. Wash., May, 1890, 4 

BIRMINGHAM I ENTRAL TRAMWAYS COMPANY, LIMITED, Birmingham, Englan Aug., 18 1 

EDINBURGH NORTHERN CABLE TRAMWAYS CO Edinbui Scotland, . . 1 orders, 1886- 1891, 2 

COMPAGN IE DES LOCOMOTIVES SANS FOYER, Courbevoi France Jan., 1889, 2 

COMPAGNI1 DES LOCOMOTIVES SANS FOYER, Nord de la Seine, St. Germain Prance, M.. 2 

COMPAGNII DES TRAMWAYS DU DEPARTEMENT DU NORD, Roubaix, Fran. . June, 18 3 

COMPAGNIE DES OMNIBUS El rR AM WAY, Lyons, Franc .rders, 1887-1888, 3 

1 - .Ml' \c,XIE (.IMK \l.l-. I>ES rRAMWAYS, Marseilles, France, • • Oct., 18 1 

I HI MELBOl RN1 TRAMWAYS, Richmond Line, Melbourne, Australia • Nov., 1884,1 6 
THE MELBOURNE rRAMWAYS Line, Melbourne, Australia, . • July, 1885, J 
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ff.P. 

1,248 

1 923 

90 

1.086 
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I. OOO 
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1.600 
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360 
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171 
135 
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CAR AND WAGON MAMTACTURERS. 






H. I' SMITH & COMPANY. Carnages Plant ville i - 

CORTLAND WAGON COMPANY, Cortland, N \ • 

I EHIGH * \k WHEI L AND AXLE O >MPAN\ I atasauqua, Pa., , , 

ERIE CAR WORKS, LIMITED, Erie, Pa 

LSIC ( II A CAR WORKS I OMPANY, I'mmi City. Va., 

ILUMBUS BUGGY COMPANY, Columbus, Ohi< ■ • • 

LAFAYETTE CAR WORKS Lafayette. Ind 

BIRDSELL MANUFACTURING COMPANY, South Bend, Ind 

STUDEBAKER BROTHERS MANUF \A rURIN< l «»MPANV. - uth Bend, Ind., 

STUDEBAKKR BROTHERS M\MI M l\ RING COMPANY, Chicago, 111., ■ 

PULLMAN PALAC1 I iH COMPANY, Pullman, III 

RACIXE WAGON AND CARRIAGE COMPANY, Racine, Wis., 



. . Oct.. i8t 
lets, 1881-18J 
. . Dei . 1881, 
. . Sep! . 1882, 
. . June, 1890, 

I ordcTS, r 5ba-i 887 
Jan., iS- 

. . . No 

6 orders, (872-1891 
. . Oct., 188 
. . pt., 18S1 , 

. . Aug., 1SS2. 
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JAMES L. CLARKE & SON, Cai , Oshkosh, Wis., ... e m May, 

GANZ & COMPANY, Wagons, Budapest, Austria Sept.. 

MOSCOW MILITARY CARRIAG1 FACTORY, Moscow, Russia, Mar.. 

GOVERNMEN1 RAILWAY SHOPS, Dunedin, New Zealand, Dec. 

GOVERNMEN1 KAIIWW SHOPS, Christchurch, New Zealand, Jan.. 

AGRICULTURAL MACHINERY. 

WALTER A. WOOD MOWINGS REAPING MACHIN1 I O., Hoosick Falls, N. Y., 3 orders. i88j- 
TH1 WHITMAN & BARNES MANUFACTURING COMPANY, Syracuse, N.Y., . . . May, 

SHEBLE & FISHER, Fork Manufacturers, Philadelphia, Pa. April. 

CHAMPION KNIFI AND BAR COMPANY, Springfield, Ohio, ., Nov.. 

P. P. MAST & COMPANY, Springfield, Ohio May, 

THE SPRINGFIELD ENGINE \M' THRESHER COMPANY, Springfield, Ohio, . . . Sept., 

WARDER BUSHNELL & GLESSNER COMPANY, Springfield, Ohio 1 orders, 18*2- 

THE FOOS MANUFACTURING COMPANY. Springfield, Ohio Oct., 

GAAR, SCOTT & COMPANY, Richmond, Ind. Oct., 

RUDE BROTHERS MANU1 M FURING COMPANY, Liberty, Ind Aug., 

HOOSIER DRILL COMPANY, Richmond, Ind., * orders, il 

ECONOMISE PLOW COMPANY, South Bend, Ind Dec, 

soUTH l:l\l> [RON WORKS, Plows. South Bend, I ni 2 orders, 1875- 

McCORMICK HARVESTING MACH INI COMPANY, Chicago, 111 2 orders, . 

SANDWICH MANUFACTURING COMPANY, Sandwich, 111 ipril, 

DEERE & MANSUR COMPANY, Plows, Moline, 111 July, 

KEYSTONE MANUFACTURING COMPANY, Sterling, 111. * orders, 189a- 

MADISON PLOW COMPANY, Madison, Wis -Mar., 

SOCI1 M FRANCAIS1 DE MATfiRIEl VGRICOLE, Vierron, France Ju 

L. BILLIARD & CUZIN, Algeria, Dec, 
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SEWING MACHINES- 



THE SIN* .1 R M \M I A< I URING C< IMP \NY, Ne* York, 

THE SINGER MANU1 v rURING COMPANY, Elitabethport, X. J., . . 

THE SINGER MANUFACTURING COMPANY, South Bend, Ind., . . . 

THE SINGER M tNUFACTURING COMPANY, Cairo, 1)1 - 

THE SING! R MANUF M TURING COMPANY, Montreal, Canada, . . . 

THE SINGER MANUF M TURII G I OMPANY, Kilbowie, i Uasgow, Scotland 



O orders, (871—1886, 
1872-18 

orders, i v ; 18 , 
. . . [une 
2 orders, 1885-1! 

v orders, i v 



l?rs. 
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16 
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11 


1.448 
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292 
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217 


18 


2.250 



FIRE ARMS, AMMUNITION, Etc. 

Boifer*. ff.P. 

UNITED STATES ARMORY, Springfield, Mass Uig M 1892, 4 700 

UNION METALLIC CARTRIDGE COMPANY, Bridgeport, Conn Mar., 1884, 3 276 

WINCHESTER REPEATING ARMS COMPANY, New Haven, Conn Mar., 1893, 3 55* 

ATI WMC DYNAMITE COMPANY, Kenvil, N. J. De< ,1 2 102 

UNIT1 D STATES NAVY YARD, Washington, l> I 2 orders, 1885 [888, 7 1.248 

UNITED STATES NAVY YARD, Norfolk, Va V-pril, 18 3 183 

GIANT POWDER COMPANY, San Francisco, Cat. Oct., 1892, 1 122 

MEXICAN GOVERNMENT, City of Mexico Sept., 1891, 1 93 

THE NATIONAL EXPLOSIVES COMPANY, London, England, Vpril, 18! 2 104 

INDIA OFFH E, IL M. GOVERNMENT, London, England 2 orders, 1889-1! 4 2x6 

CHARLES R. GOODWIN, Fire Arms, Paris, Fran* Oct., 1881 , : 60 

MERMIER ET CIE., Fire Arms, Paris, France, 2 orders, 1886-sSq 2 244 

SOClfiTfi ANONYMA COOP A L, Powder, Wetteren, 1 tun Ma 1 51 

SOt II- 11: ANON. DES POUDRES IT DYNAMIT1 S, Arendonck, Belgium June, 189 1 52 

LA MANUFACTURE DI ARMES DI L'ETAT A LIEGE, Belgium Jan., 1894, 1 98 

L' >ENALDI L'ETAT MALINS, Switzerland Sept., 18 1 40 

ROYAL ARTILLERY ARSENAL, Vienna, Austria, Vpn, 18*3 4 688 

TOULA CARTRIDGI I ICTORY, Toula, Ri 2 orders, 1889-18 2 155 

THE ROYAL DANISH ("KIM DO -\ ITION, Bromenaevig, Sweden April, 18 1 96 

BRICK, POTTERY, Etc. 

WARNERS P< »KI LAND I I Ml. NT MAN I 1 V I URING COMPANY. Warners. N. Y., , Ma 

1 MPIRK PORTLAND CEMENT COMPANY, Warners, N \ . and South Bend, Ind., * j orders, 1885 18 

CELADON Tl KKA COTTA I OMPANY, LIMITED, Alfred Centre, N. \ Sepl 1 

JOHN MOSES, Pottery, Trenton, N. J- An 

HENRY MAURER & SON, Fire Brick. Maurers, N. J. ril, 1888, 

WILLIAM GALLOWAY, Pottery, Philadelphia, Pa Sept 

HARBISON & WALKER, Star Fir Brick Works, Pittsburgh, Pa. Nov., iM 

COPLAY CEMENT COMPANY, Coplay, Pa Ma m. 

WOODLAND FIRE BRICK COMPANY. LIMITED, Woodland, I'a , 2 orders. 1884-1890, 
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Boilers. 



MARYLAND PAVEMENT COMPANYj Baltimore, Md. Sept., 1891, 

ANDERSON & HARK. Paving Brick, Streator, 111. Jan., 1893, 

GALESBURG PAVING BRICK COMPANY, Galeaburs, 111. Sept., 18 

11 \\ 1 ,\: ALSIP COMPANY, Bricks, Chicago, 111 Feb., 1*93, 

ALSIP BRICK COMPANY, Chicago, IU Feb., 1893, 

V< HJNG & I IRRELL DIAMOND STON1 - IWING O >MP INY, Chicago, 111., . ; orders, 1882-1886, 

ANTHONY SHAW, SON & PAMPHILON, Mersey Pottery, Burslem, Staffordshire, England, Oct., l8f 

IOHNSON BROTHERS, Hanley, Staffordshire, England, Dec, 18 

BASTON & LAWSON, Brick and Hie, Southampton, England Jan., 1 81 

I 1 [RTH FIRE CLAY < OMPANY, Ffirth, near Wrexham, England tug., iS^o, 

CHARLES FRAN* IS SONS & COMPANY, LIMITED, Portland Cement, Newport, 

[sleoi Wight, lngland lune, iS 

BONNYBRIDGE SILICA AND FIRE CLAY COMPANY. Bonnybridge, Scotland, . . . M&r., .- 

SOClfiTfi DES TAILLERIES MfiCANIQl ES DE BORDEAUX, Bordeaux, France. . . July, 18 

GEORGES ET PIERROT. Bricks and Tile, La Neuville, near Chitenois, France Nov., if 

SOCIf rfi DI 5 CIMENTS FRANQAIS ET DES PORTLAND, Boulogne^ur-Mer, 

1 1 u>< 1 ordeis, 1887-18 

EDWARD RASTOIN, lime and Cements, Marseilles, Franc tpril, »fl 

LEDERER ft VESSENIJE, Floridsdoff, Austria, . . July. is.*. 

NACIO GIRONA, Cemem Mill, Lerida, Spain Nov., 18 

H. HUM. Brick Maker, Ekatherinoslav, Russia . *pnl, » 

THE QUEEN SPORT BRICK AND ill I < OMPANY, Brisbane, C.hicciisUnd. Australia, Jan., 
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GLASS WORKS. 

PITTSBURGH PLATE GLASS COMPANY, Pittsburgh, Pa. S orders, 1890-1893 

CHARLEROI PLATE GLASS WORKS, Pittsburgh, Pa. Dec," 

AMERICAN WIRE GLASS COMPANY. Tacony. Pa Oct., 1892, 

LONDON AND MANCHESTER PLATE GLASS COMPANY, LIMITED, Sutton, 

St. Helens, Lancashire, England Feb., 1890 

W. A. BISHOP & COMPANY, London and Warrington, England a orders, 1891-1893 

5 CRISTALLERIES DE VAL ST LAMBERT, Val St. Lambert, Belgium, . . 2 orders, 1890-1803 

COMPANH1A INDUSTRIAL DE CRISTAES E VIDROS, Rio de Janeiro, Brazil Feb.,] 



Boilers. 

6 



1 
2 
2 

3 



JEWELRY, Etc 

Boilers. 

FA HYS WATCH CASE COMPANY, Sag Harbor, N. Y. j ordei ,2. 4 

SOClETE* GENERAL D1 - MONTEURS DE BOITES D'OR, Besancon, Prance, Sept., 1888, 1 

CLOVIS BOUG1 l Watch Maker and Jeweler, Sens, France, Oct., 1889, 1 

J. N. KREINESS COMPANY, Gold Platers, Moscow, Russia July, 1890, 1 

WATER WORKS. 

Boilers. 

HOL'LTON WATER COMPANY, Houlton, Me. \,iril, .- 1 

1 IUNTON WATERWORKS, raunton, Mass Sept., 18 1 

WESTERLY WATER WORKS, Westerly, R I fuly, 1880, 2 

PROVIDENCE WATER WORKS, Providence, R. I. Nov., 1893, 2 

PERTH AM BO^ WATER COMPANY, Perth Amboy, N J Aug., iS 2 

SOMERVILLE WATER COMPANY, Raritan, N. J. June, 1891, 1 

LACKAWANNA IRON AND COAL COMPANY, Waterworks, Scraiuon, Pa., . . a orders, 1883-1887, 3 

RANTON GAS IND WATER COMPANY, Scranton, Pa 1 

W. 1STER WATER WORKS, Lancaster, Pa Oct., 1887, 4 

IT'RTI.I ( Rib: K VALLEY WATER COMPANY, Port Perry Station, Pa. Aug., iJ 1 

Bl LR GAP WATER COMPANY, Shamokin, Pa Feb., 1891, 2 

WILMINGTON WATER WORKS, Wilmington, Del. July. 2 

EENSBORO' WATER WORKS, Greensboro*, N. C Fel 1 

ELYTON LAND COMPANY, Birmingham, Ala 2 orders, 1881 188a, 2 

BESSEMER LAND AND IMPROVEMEN1 COMPANY, I via Jan. 2 

CENTRAL KENTUCKY LUNATII VSYLUM, Anchorage, Kj Nov., 1 

VOUNGSTOWN CITY WATER WORKS, Youngstown, Ohio .-*. 2 

Inl.iKT water WORKS, Joliet, III '---. 3 

lUTH Bl ND CITY WATER WORKS, South Bend, Ind. 2 orders. 1889-1892, 3 

M ISHAWAK A WATER WORKS COMPANY, Mishawaka, Ind lov., 1890, 9 

SUPERIOR WATER, LIGHT AND POWER COMPANY, West S"perior, Wis r8oo, 3 

RAND RAPIDS WATER WORKS, Grand Rapids, Mich .rders, 1889- 3 

1 NITEDS1 kTES GOVERNMENT, ST. MARY'S CANAL, SA1 IT STE MARIE, MICH., 

Julian Kennedy, * onsulting Enginee Nov., ro93, 2 

I ^ RTH AGE WATER WORKS COMPANY, Carthage, Mo. Sept., i88t, 2 

RED OAK WATER WORKS, Red Oak, lov Vug., 1883, 1 

PASADENA LAND AND WATER COMPANY, Pasadena, Cal. Oct., 18! 1 

VISITACION WATER COMPANY, San Fraaci Cal 2 orders, 1883-1885, 2 

SPRING VALLEY WATER WORKS, San Francisco, Cal. a orders, 1886-189 5 

C. W. CLARKE, Walnut Grove Pumping Plant, Sacramento, Cal Dec, 1893. 1 

BOURNEMOUTH WATER WORKS [ogham Miles, near Wimbourne, England, . . 2 orders, 1886-1887, 2 

KENT WATER WORKS Wilmington Pumping Station, Kent, England Mar . 1^86, 4 

w 1— 1 SURREY WATER WORKS, Walton-on-Thames, England, Mar., 1887, 2 

EAST LONDON WATER WORKS COMPANY, Waltham Abbey, England, a orders, April and Aug., 1887, 4 



H.P. 
61 

272 

202 

336 
336 
248 
I56 

175 
30 

64 
106 

7& 
96 

«3 

940 

96 

90 

64 
20 

104 



tl P. 

5.750 
1.248 

5> 

140 

136 
246 
192 



If P. 

274 
35 
89 

30 



125 

5i 

9° 
320 

130 
82 

312 

75 
416 

102 

208 

184 

45 
152 

90 
no 
300 
132 
458 
150 
624 
928 

75° 

120 

61 

43 

101 

680 
45 

193 
3» 
163 

372 
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Boilers. 

SOUTHWARK AND VAUXHALL WAT] R WORKS COMPANY, London, England, aordets.il 7 

PI MI. Km WATER WORKS, London, England No> , 18I 1 

GRAND JUNCTION WATER WORKS, London, England Nov., 1 

rHE FOLKESTONE WATER WORKS, Folkestone, England Mar., 2 

RUGB\ LO( U BOARD, Rugby, England, Avon Water Work .... .<-.,- 1 

III! COMMUNITY OF ROTTERDAM, Rotterdam, Holland tug 1 

COPENHAGEN WATER WORKS, Copenhagen, Denmark 3 

MUNICIPALITY OF AALBORG, Aalborg, Denmark a orders, i£ 2 

THE ST. PETERSBURG WATER WORKS, St Petersburg, Russia lune, 18 2 

QVT\ WATER WORKS, Worone&h, Russ Nov., 1* 1 

ODESSA WATER wnRK\ <> 1 iia orders 1889-1 ro 

BUDAPEST WATER WORKS, Budapest, Austria-Hungary Mar., it 2 

BRAILA WATER WORKS, Braila, Rouma 1 .... Feb., xi 2 

EMPRESA CONCESIONARIA Dl IGUAS SUBTERR \M \-> DEL LLOBREGA I , 

I i . -Inn. 1. .-|i.li I, 2 

PERNAMBUCO WATER WORKS, Pernambuco, Brazil June, 1885, 3 

MONTEVIDEO WATER WORKS, Montevideo, Uruguay ept., 18 2 

PARANA WAT1 R WORKS, Parana, \r%j Rep., [an., 1888, 4 

POONAH WATER WORKS (H. M Government!. P lah, India lpril.it 1 

DELHI WATER WORKS (H. M. Government), Delhi, Punjab, India Oct., iJ 2 

BOMBAY WATER WORKS (H. M Government), Bombay, India Oct., 1891, 4 

RAI PUR WATER WORKS (H M. Government), Raipur, India, . Feb., 189a, 2 

SIMLA WATER WORKS (H. M Government), Simla, India July, 2 

TRICHINOPOL^ WATER WORKS <H. M Government), Trichanopoly, India, .... Ocl 3 

TANJORI WATER WORKS (H. M Government*, Tanjore, India Jan., 1803, 1 

RAJ WANDGOON WATER WORKS (H M. Governm Raj Wandgoon, India, . . ril, it 2 

LUCKNOW WATER WORKS (H. M. Government), Lucknow, India, May, 1893, 4 

SUKKUR WATER WORKS (H M. Government), Sukkur, India, , Oct., 1 2 

IPSWICH MUNICIPA1 COUNCIL, Ipswich, Queensland . . . April, 1803, 1 

SINGAPORE WATER WORKS, Singapore, Straits Settlements, . . Sept., 1893, 2 

GOVERNMENT WATER WORKS, Crown Street Station. Sydney, N 5. W., . . rders, 1888-1 4 

GOVERNMENT WATER WORKS, Hydraulic Station, Newcastle, N S. W., . . Feb., 1890, 4 

GOVERNMENT WATER WORKS, Dight Falls Station, Melbourne, Victoria, . . . . fan, 189 1 

THE BROKENH ILL WATER SUPPLY, Sydney, N.S.W., Australia, il, 18 2 

NAPIER WATER WORKS, Napier, New Zealand, . . . Oct., 1 1 



Babcock & Wilcox Manifold Header, forged from SteeL 



LEATHER. 



JEWELL BELTING COMPANY, Hartford. Conn., fuly, 1883, 

HOWELL & HINCHMAN COMPANY, Middletown, N \ a< 

SCH0ELLK0P1 & COMPANY, Buffalo, N. Y Dec, 1892, 

T. P. HOWELL & COMPANY, Newark, N J j orders, 1883-1886, 

J. MUNDELL & COMPANY, Shoes Philadelphia P . . . . Dec, 18 

WILLIAM FOREPAUGH & BROTHER, Tannery, Philadelphia, Pa Jan., 1881, 

CITY OP KEOKUK, Leather Manufacturers, Keokuk, Iowa July, (888, 

WILLIAM WHITMORE, ! inner. Bermondsey, London, England Dec, 1884, 

W. k. BRAY, Currier, Bermondsey, London, England Oct , i s ^'>. 

WHITMORE & SONS, Tanners, Edenbridge, Kent. England Nov., ij 

A. M. DORMAN, Tanner, Maidstone, Kent, England Dec, 1! 

BEARE& SONS, Tanners, Norwich, England Dec, 188 

I. X; I> II MIRI>, Fell Mongers, Yarm on Tees, England, • • Aug . 1 

- I 1 PHI \ I COXA SON, Tanners, Yatton, near Bristol, l-.ngland Sept., 1893, 

ULYSSE DEON, Tanner, Sens, France Jan., 18 

GOUILLON ET KILS, Tanners, Paris, France Jan . 1- 



2 

3 

2 

3 

I 

2 
2 



CHEMICAL WORKS. 

Boilers. 

SOMERSET FIBRE COMPANY, Chemical W I Pulp, Fairfield, Me. 2 orders, i8xs-i*s<>. 2 

GEO. UPTON, Glue, Peabody, Mas ■ orders, 1881-18S 2 



HP. 
456 
108 
160 
270 
86 
no 
192 
172 
280 

73 
1.048 

492 

204 

122 
222 
124 
180 

64 
212 
636 

70 
192 

75 
60 

26 
420 
60 
40 
172 
552 
544 
J SO 
192 
140 




rt. HP. 



164 
286 
108 
244 
40 
I20 

90 
I20 

82 
I0O 

86 

65 
40 

40 
5* 

49 



HP. 

276 

280 
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Buying of Postal Telegraph Cable Company, New York. Heat, Light and Power furn.shed by 725 H. P. ot 

Babcock &. Wilcox Boilers- erected 1893. 




*- 



Boilers. 



OLIVER JOHNSONS COMPANY. Painls, Dru tc, Providence, R i. t ... Juiy, 1884, 

RUMFORD CHEMICAL WORKS, Providence, R I . a orders. 1880-1885, 

PETER COOPER'S GLUE FACTORY, Brooklvi. N \. 

CHURCH & COMPANY, Chemicals, Brooklyn, N \. 4 orders, 1880-1 8i 

GLEN COVE MANUFA< rUR I NG COMPANY, Starch, Glen Cove, L I , X. Y., .... June, i£ 

I MEYER, Bone-black, Maspeth, N \ .... Oct., xi 

THE SQLVA^ PROCESS COMPANY, Soda, Syracuse, N. Y-, 13 orders, 1 

LIEBIG MANUF ICTURING COMP \\\ . 1 ertiluers, Carteret, N 1 Oct., 18 

BA1 Dl K, ADAMSON & C< >MPAN\ . Glue, Philadelphia, Pa., and Newark, N. J., . 7 orders, « iSgi, 
1 11 IRLES LENNIG, I hemicals, Philadelphia, Pa., ^ orders. 1880 1881, 

MORA PHILLIPS LHKMICAL COMPANV. Lanulen. N. J.. a orders. 

LIQUID CARBONIC ACID MANUI \< rURING COMPANY, Pittsburgh, Pa., . , N01 , iJ 

u vi lm\ & WHANN COMPANY, Phosphates, Wilmington, Del., 40rc.ers.1873 1 



Jan 1 18741 

. . Sepl . 1 

ril [889, 

. . Ma) . 18 
irders, 1882 1884, 
2 orders, i89 

. . Mr. , 1 i 

$2-1 88< , 
. . Har., 18 
pt., ' - 
. . Mai , « • 



CELLUVERT MANUFACTURING COMPANY, \\ ilmington, Del , .... 

PENDLETON GUANO COMPANY, Atlanta, Ga., 

Ml< HK.W ( IRBON works, Detroit, Mich., . • - - 

WOOD EXTR M l l 1 >MP \W , Detroit, Mich . . ... 

J. 1 FORD & COMPANY, Wyandotte, Mich., 

1 I IILB1 R 1 ', Stan h. Des Moines, lov 

v I u 1 1 I R & COMPANY, * hemii als, San I ram isco, Cal., . 

1 M SMITH, Chemicals, East Oakland, CaL, • • 

J. & G. COX, Glue and Gelatine, Edinburgh, Scotland, . 

DUN* IN FLO( (CHARD! 8 l OMPANY, Edinburgh, Scotland 

[AMES ROSS & COMPANY, Falkirk, Scotland, • 

I \i-:m( HAR & GILL, Paints, Aberdeen, Scotland, 

CHARLES TENNANT & COMPANY, Glasgow, Scotland 

THI I ISTMAN ! >\< \ PI \ It CO., Photograph Materials, Harrow, 11c u I ondon, Eng-, 

MORRIS BROTHERS, Chemicals, Doncaster, England, • • 

PRENTK E BROTHERS, Artificial Manui market,! igland, ... 

READ, HOLLIDAY & SONS, LIMITED 1 >al Tar Dies Hud< I agland, . . 

BOAK1 ROBERTS & COMPANY, Stratford, England 

Mi II \ SE \ Mill S, Starch, Visniet, i rani . . 

M ni BO IS, Chemicals, St. Denis, France - • 

II JAE< K, Color Maker, Putaux, France, .... • 
GILLI \ K I » MOUNET ET < W< NE» I berni< .1- 1 rons, l ran< ... 

A <-l RMOT, Chemit lis, irgenteuil, Frani .... 

MALE2IEUX ET COUILLARD 1 micals, Boudy, aeai Paris, 1 raw . . 

M B \K DOT, * hemical Works, Paris, 1 1 tn« e, 

I \ x, M n I I GENERALE DES CIRAGES FRANC AIS, Blacking, Paris, Ki . . 

LA SOClETI W >NYMI DE PR< IDUITS CHI MIQ1 ES 1 tab'ts Maletra, P 

Qui illy, Rouen, France ■ .... 

A LUTSCHER, < omioea | Nard), I ranee, . ... 

[\ 1 n BORDELAISE DES PRODI ITS I HI M1Q1 I S D'l NGRAIS, Bordeaux, Frauce, 
LA SOClfiTl INON BORDELAIS1 Dl VIDANGES 11 ENGRAIS, Manur 

1: k, France ™ ■ ■ 

K< fUGIER 1 R I Rl S, B irdcaux, I raw • • Fan., 1894, 

LA SOClfiTl DES PRODUITS CHEMIQUES, Marseilles, i ran. e lul . 1 ! 

SOLVAY 1 I 1 OMPAGNIE, Whylen, Grand DucW du Baden zorders 1 

SOLVA^ ii COMPAGNI1 Dombasle sur Murthe, France 2 orders, 1881-1882, 



1 

JllIlL , I S 

I '..!., 1888, 

Dec, « v , 
Mai . 
Jun 

[unc, 1 v 

Dc< 

Mai , 1 
April, 1 

\ « • ' .1 
[an 

Mai 18 

Sept., 1 1 



SOLVA^ 11 COMPAGNI1 * >aillet, Belgium, 

SOCI1 M DU ZIN< ET CI 1 1 R V, Montague, B ... ... 

1 1 I 1 INONYME DES PHOSPHATES Dl LIEGE, Belgium 

H I WED EL, Paints and Chemicals, Berlin, German) 

rHE LIJM EN GELATIN FABRIK, Delft, Holland 

MARIANO FUST1 R, Chemicals, Barcel 

1 1R A N 1 S I IB1 ICIMIENTO M R \l'h. O-SULFI R< >S< ». Ban elona, Spain, . . . 

I - Bl Ri rHE IM. G irli< e, I ialii la, \ : tria, 

5TOCKHO! M SUPERFOSFAT I VBRIK.S, AKTIE-BOl \< ■-. < iottenburg, Sweden, 
SKANSKA SUPERFOS1 VT FABRIKS, VKTIE-BO] IGET, Helsingburg, Sweden, 

PI LLERIN FILS, Margerine, Christiania, Norway, . . 

Till VESTFOS CELL1 LOS1 1 ^BRIK, Vestfos, near Christiania, Norway, . - - 
NIKITA PONISOFFKIN & SONS, Chemicals, Jarostaff, Russia, . - ■ 
•■LA PALMA" FABRICA ^ REFINERIA Dl ICEITA DE COO '. Baracoa l 
WEST INDIES CHEMU \I WORKS, LIMITED, Jamaica, W I 



TOBACCO AND SNUFF. 



fc.Ug , 1883, 

Vpril, 1 v '»". 
I in , 1804, 
Mai 
Oct., 1880, 

Dcr., t8 

April, I st .i , 

Ipril >•••■ 

June, i fc 

June, i y |i, 

Mar . 1893, 

\-\ . 1 - 

Xm , 1888, 

N01 . . 



I 

4 
4 
4 
2 

1 

55 

4 
10 

2 

I 
5 

1 
z 

5 
x 
6 

4 

2 

1 
2 

1 
1 
1 
2 

1 
x 
x 

X 
X 
2 
X 

I 

2 
I 
I 
X 

4 

1 
I 

2 

X 

X 
X 

10 

. 

X 

1 
I 
I 
I 

2 

2 

X 
2 
I 
I 
I 
2 



If. P. 

51 
283 

500 

592 
300 

73 

11. 102 

416 

1.387 

'77 
50 

587 
SO 

104 

785 

50 
960 

188 

124 

104 

146 

96 

82 

40 

244 

76 

125 

»<>5 
16c 

l 5 
240 

61 

74 
240 

2 5 
120 

67 
636 

76 

248 

50 

20 

30 
96 

r 220 

20 

64 

40 

150 

25 

10 

186 

92 

96 

216 

172 

106 

73 
280 



Boilers. H P. 



WILSONS Mc( \II.\V rOBACCO COMPANY, Middletown, Ohio, . . 

THE P. F- SORG COMPANY, Middletown, Ohi 

W. GAIL ft AX, Baltimore, Md 

W R. IRBY * IGAR AND Tl IB ICCO O >MP \NV, New Orleans, La . . 

WILLIAM I I \KK & soX. London and Liverpool, England, . . . 

MOSS, WHITE X- COMPANY, tobacco and I (gars, Melbourne, Victoria, Australia, 

WILLIAM CAMERON, BROTHERS S I ". LIMITED, Melbourne. Victoria, Australia, July, 1890, 

DUDGEON ft ARN ELL, Melbourne, Victoria, Australia 



3 orders, 1S81-1891, 
pt., l 

. . July 

. . July, IS 12, 
3 orders, 1884-1 

Mar.. 1**' 1. 



3 

1 

3 

3 

1 
I 
1 



372 
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244 

102 

178 

25 

124 

52 
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OILS, SOAP, AND CANDLES. 

STANDARD OIL COMPANY, Bayonne, N. J., and elsewhere, . ...... 

BROOKLYN OIL REFINERY, B-.klv,, N Y , onlers, .879-. 




Boiler* 

47 orders, 1X80-1893, 68 

6 

9 

4 

3 

4 

»5 

5 
1 



BELMONT OIL WORKS, Philadelphia, Pa 

ORR. LEON AKD \ CI" M.MINGS, Oils, Philadelphia, Pa 

MAGINN IS OIL MILL, New Orleans, La., - . 

BALTIMORE UNITED OIL COMPANY, Baltimore, Md., . . • 

CORNWALL & BROTHER, Soaps and Candles, Louisville, Ky., . 

\N DREWS SOAP COMPANY, Cincinnati, Ohio, ■ ■ • • 

Illl HARKNESS & COWING COMPANY, Candles, Cincinnati, Ohl 



I .i SWAN ELL, Linseed Oil, Chicago, 111., - - • 

\ K I URBANK & COMPANY, Lard. St. Louis, Mo . 

YOUNG'S PARAFFINE, LIGHT AND MINERAL OIL COMPANY, Addiewell, Scotland, . 

DAIRE E ANSELIN & COMPANY, Soap, St. Nicolas-les-Arraa, France 

EUGENE CUVELIER, Arras, France - ■ ■ 

MM VMERU \\ PETROLEUM COMPANY, Bruges, France 

MARCHAND FRERES, Oil Manufacturers, Dunkirk, France • • • ■ 

I r • II . s.,.1,,. Marseilles, France, . . . 

BONNEFOY HIJO ^ CIA., Candles, Barcelona, Spain 

MATTEO DUB1CH, Oil, Trieste. Au^riv . . . • 

nj KEDERLANDSCHE OLIEFABRIK, Delft, Holland, . 

rHE NEWSKY STEARIN1 1 V.NDLI FACTORY, Moscow, Russia 

S, M SHIBAEFF, Petroleum, Batoum, Russia 

I MASHAUR, Petroleum, Batoum, Russia, . . • 

GORGALA COLOCHERETA & COMPANY. Rivaly, As.a Minor «£ 

1 H ITCH EN & SONS, Soap, Melbourne, Australia 



PACKERS AND CANNERS. 



2 orders, 1881-1885, 
. . Mar., 1884, 
. . lulv. 18S 

. . Dec, 1886, 

4 orders. 1 \ \- 1 ^3» 

. . Mar , 1890, 

. . Feb., 1802, 
.... 1881, 
2 orders, 1888-18**1 . 
Sept., i8S* v 
Oct., 1886, 
April, 1892. 
Dec. 1891, 
I let., iM 
Dec, i8m. 
Oct , 1890, 
June. 1- 
July. rS 
Sept., > x - 

Sept , 188S1 

July. .- 
May, x^'tz, 



7 

2 

1 
2 

1 

4 
I 

I 

1 

2 

I 
I 
I 
1 
I 
I 
I 
I 
X 
2 
X 
I 
X 

X 



// /' 
10,506 

728 

1,482 

416 

401 
572 

2.246 

520 
104 

1,1X1 

333 
10* 

360 

120 

225 

78 
125 

60 
380 
120 

35 

35 

15 
140 

66 

«5 

145 
X92 

70 

5* 

5 1 

30 
40 




MARSHAL! * INNING COMPANY, Marshalltown, Iowa, . 



AkM(;ikT.VklN...MMI^NV. Kan** City, Mo., .... ....... 3 orders, 1 886- . 



SPIE RS & POND, London, I ngland. 

SILLITOl 8 SEARES, Packers and Shippers, Manchester I »gland, . . . - 

V. W PETERSON & COMPANY, Packers uid Shippers, Birmingham, England, . . 

I STEV1 NSON, Packer, Manchester, I --laud, 

THE GLOBE PACKING COMPANY, Manchester, England, 

I [ } j,; |. 1 presi rved Meal Paris, France, 

I \ PRII 1 . « anned Goods, Bordeaux, Franc .'' ' 

l u box FRERES Makers ni Preserved Provisions Bordeaux, France, 

rn PK VI & DUF \M» Tinned Goods, Bordeaux, 1 ranee, 

r pc piLS Dl CH TYSSONNEA1 IEUNE Bordeaux, Fran. - . . - 

rlv/IMAN EXTRAI I 01 M» M «*D HIDES I t< TORY, LIMITED, Pare- 

rte Megre, Brazil, 

MM. Ill & PATERSON, Fruit Preservers Melbourne, Victoria, Australia 



. . Ug . tS 

. . Nov., it 

Oct., 18 

I. m , (889, 

Oct , ift'M, 

2 orders, 1889-18 M 
. . Feb., i» 

. . June, i v 
2 orders, 1 892- 1 893 , 

2 orders, l$»-i^ , 

. . Aug., 1889, 



2 
I 
I 

2 

4 

2 

4 

2 

1 
x 

X 

I 

X 

3 

1 

1 
2 

4 

2 



X20 



1 ,000 

405 

XiO 

65 

80 
32 

63 

40 

*3 

60 

248 
60 



COFFEE, SPICES, Etc. 

ARBUCKLI BROTHERS COFFEE COMPANY, Brooklyn, N. Y., - - - 

Ak ,., ( ki ES & - OMPAW Spices Pittsburgh Pa., . . - • • 

fCHELL, CHAMPLIN & ( OMPAN\ . Grocers, Portland, Me ... 



Bo tit* 

2 orders. 188J-18! 4 

2 orders, 1883-1891 2 

. . May, 2 



416 

153 
102 



CLOTHING, FURNISHING GOODS, Etc. 




WISE BRl ITH1 RS, i I Baltimore, Md • ;■ ^ 

I.K S GEUDTN1 R, rrunks, Chicago, 111 , . • >' 



» 



-•• 



l.V 









f 



A.E 1:1 RKHARD1 8 COMPANY, « loaks, Furs, Hits, et, , Cincinnati, Ohi< 

THE M. C I I! I I V ( OMPANY, Regalia, ( olumbus, Ohi. 

ROSEMONTCOMB MAN1 I \< rURING COMPANY, Aberdeen 

rHOMAS l \ki\u Buttons, Birmingham, England, 

A DUPON1 i I I ii Brush Manufacturers Beauvais France 

GAR< l\ GIRON \ J CIA .Brush Ma Bare. 

M LOVENSTEIN, < orsets, Moscow, Russia . . 

I A COMPANHIA CHAP] I I iRIA V> k ,i , NI , lkUI ,,.,,„_ ,..,,,,., BnuU 



fuly, i- 
orders, 1890-1 
. . Jun. , 
I ordi iv. 1881 

1 eb 1 • 
. - Dei . 1 

Mar . 1 • 
. Not , . • 



Babcock & Wilcox Boilers at New Orleans International Cotton Exposition, 1885. Total, 1,500 H.P 



COTTON MILLS. 



fc°& K WOOp 'COMPANY. Wa.onillc. Me.. 



RimrSn'! M ? lnM Burton Cotton Mills. 'Burlington, v, , 
ARLINGTON MILLS, Lawrence, Mass., 

BARNAB\ MAM l x, , , RING COMPANY. Fall River'. Ma 



i\ 



KING PHILIP MILLS, Fall River, Mass. 

iMHANXi 1 mil 1 S , launton, Mass , 

HEBRON MAN1 l U l, RI NG COMPANY Utleboro. Mass 

MAXCHA! .; 1 (».MPAN\ Manchaug, Mass., 

THE HADLEY COMPANV. Thread; Hulvcke Mass., . '. 

J-!:5vf, HIRE C0TT0N MAN ' I ^ WRING COMPANY, Xdams/M 
GREYLOCK MILLS, North Idams, Mass 

MASSACHUSETTS COTTON MILLS, Lowell, Mass., 

•TCH SPINNING CORPORATION, New Bedford, Mass 

W MfSUTTA MILLS, New Bedford, Mass . . 

B. B. & R. KNIGHT, Providence and Naticfc R I 

NOTTINGHAM MILLS, Providence, k. I 

THE ALBION COMPANY, Providence, k I 



une. 1SS1, 
.l..r , 18I 

Feb., 

Mar . 

\|>iil. 1892, 
ordi rs, i! 
. . Mai . 1883, 

June, !• 
■1 orders, 1883-1893, 

1 orders, 1891-18 is, 
. . July, iv. 

• • Jan 18 

13, 
rune, it 
1 

2 order-. 1884-188S, 

Sept., 1891, 



2 
2 

12 

4 
5 
4 
4 

4 
6 

3 

: 

4 

4 
1 

13 

4 
2 



// 

-W9 

244 
2880 

448 
1.260 

*.730 

400 
400 

1 197 
720 
240 

1. 000 
840 
250 

2 867 
416 
300 




158 










* 



►+* 



arre 



[DNICK MANUFACTURING COMPANY, Quidnidc, R L> . 

I HE WIL1 I AM CLARK I I »\!L\w I bread, Westerly, R- I , . - 

THI -LATER COTTON COMPANY, Pawiucket, R. 1 

THE UNITED STATES COTTON COMPANY, Pawtucket, HI,.. 
CUT1 ER M \N' 1 VCTURlNG COMPANY, Yarn and t/mimi LWd.^e, \\ 
DYERVILLE MAN! I VCTURING COMPANY Dyerville, R. I., - 
G. W. REYNOLDS & COMPANY, D rille, R I. . . - 
PALMER BROTHERS, Montville and Oakdale Mills, Montville, Com*. , 

il- COMPANY, Norwich, Conn 

pnNKMAH M I LL^l ah ville, Norwich, Conn., • • 

INNE1 IPANY, Danielsonville, Conn 

WHITE MANUFACTURING COMPANY. Rockville. Conn. 

IRVING MAM I \< H RING COMPANY, New Brighton, S. I.» N. Y.. • 

i n SMITH, Jamestown Cotton Mill, Jamestown, N \ 

MILLVILLE MANUFACTURING COMPANY. MUlville, N.J.,. . ■ . 

CHARLES SPENCER COMPANY, Gcrmantown, Pa 

HENR^ McKEEN & COMPANY, S. Easton, Pa., • 

ARLINGTON MILLS MANU1 H HIRING COMPANY, Wilmington, Del 

MOUNT VERNON MILLS Baltimore, Mi, 

W H BALDWIN, JR., & COMPANY, Sa , Md • - 

RANDLEMAN MANUFA4 NJRING COMPANY, Randleman, N C„ . . 

! 8 H l RI1 5, Salem, N i . 

CHARLOTT1 COTTON MILLS, Charlotte, N. ( , 

GASTON! V COTTON MANUFACTURING COMPANY Gastonia, N i 

i NION COTTON MILLS, Maiden, N ' ■ ■ 

ill GUI N< >T MILL-. Greenville, S. C, 

^i \i i i R COTTON MILLS Sum* r, S. C, - ■ 

ill. Ml S COMPANV . 51 Helena Island, S. < 

m w ci u u\ COTTON MILLS, Newberry, S. ( .... 

REED\ RIVER MANUFACTURING i OMPANY, Reed) River Factory, S 

I i \ R] INGTON MILLS. Darlington, S. C, ■ - • .... 

Till 5WIF1 MANUFAl I'URING COMPANY, Columbus, Ga., - - ■ 

HAMBURGER COTTON MILLS Columbus, Ga . . 

FULTON BAG AND COTTON MILLS. Atlanta, Ga 

BIBB M AMI vi 1 URIXG O IMP \NV. Macon, Ga., . ... 

M \i ON KM II IN*'. ( OMPANY, Hosiery, Macon, Ga . - • 

MADISON COTTON GINNING COMPANY, Madison, Fla., - - 
IDAMS COTTON MILLS, Montgomery, Ala 

MAGINNIS COTTON MILLS, New! cleans, La 

GALVESTON COTTON \ND W( »OLEN MILLS, Galveston, L ra 
llli STEARNS & FOSTER COMPANY, Waddings, ( inciunati, I Ihio, 
l IFORNIA I 01 I < »\ M ILLS, East I lakland, Cal 

MONCTON COTTON MANUFAt rURINU I OMPAN\ , Moncton, N I 

WALTER ( RUM & COMPANY, Thornliebank, Scotland 

Ill, ,\|vi i ; i iBl B 1 5< IN, Milng Scotland, .... ... 

i STEWAR1 SANDEMAN, Stanley, Scotland, . - . 

THI EDINBURGH ROPERIE AND SAIL ( LOTH COMPANY, I I D 
] u \ \ SMITH, LIMITED, Preston, Lancashire, 1 ig md, 
JOSEPH S( HOFIELD & < OMPANY, Littleborough, I ancashire, I ngland, 
PADIHAM SPINNING COMPANY, Padihai I gland, 

K & H HIM HCLIFFE, Mytholanroyd, Yurk, England, 

BOTTERIL, Loll i i; 8 COMPANY, Finishers, Bradford, England 
L & J. BA1 DWIN, Clarkbridge Mills, Halifax, Engla 

EDMOND BERTRAND, Cambria, France, 

H i I Z1NGI B M FILS Weaver I liarleval I i 

\\ n; \i\ M"l n Knulnv*, F Alice, . . . 

WIBAUX FLORIN, Twister, Roubai* Fnwn ■ - • ■ 

1 \\ \KI> P \K1 N I . TourcoinKi I'- 
ll N I l Li R 1 I l I 1 1 S l oun oing, i i m 
I i i pi i i ki K I S, Tour ] raw c, 

^. \| \|;KI -I I] L( ' H I: I ET FILS I ire ing, Fram 
Al hV\< 1 Pi ILLE1 Touri oing I raw ■ ■ 

M \k II Ml lAPi IUVI1 M i ■ oing, France, 

fil 5TAVE DOL1 US, I > rancc - - 

VINCENT PONNII R I I CIE-, Sonones, Vosges, Fran 

VINCENT PONNIER I I CI1 , Moussey, France 

SOi ii M INONYME POUYER-QUERTIER, Spinning, Rouen, Fiano 

ARMAND PI VN Mi-. Spinner and Weaver, Charleval, Fiance, 

M- < 5ERAT, Weaver, Amiens, France 



n 



R 



I eith 



Boiltrx 

Mar , i - I 

Sept., i- 3 

July, 1890, 2 

Otf . l892 a 3 

_> orders, 18I J9, 3 

. . Sept . 1 ' 2 

Nov., 1 

2 orders, 1- ■ . Ja, 2 

j orders, 1881-1 S8a, 4 

2 orders, ^ J3, 4 

.- orders, i ss ->- 1 5 

. . June, 1 x 

. . 83, x 

. . Sept , 1880, ' 

■I, x 

May, 1892, X 

. . Man, 1882, x 

. . Aug , iW 4 

. . Mai , iS 4 

Aug ,1881, 2 

rdcrs, 1887-18* 2 

2 orders, 1880-1881, 2 

■ ■ ! , 1S84 . 4 

rders, 1888 1891, 4 

. . Oct., 1891, 2 

►rdcrs, ■ 2 

. . Fan , 1881, x 

. . f unc »8t 1 

1 -- 3 

. . Jan . x 

, . ril, ^ 2 

J3-1M 5 

, . . fune, 1893, 2 

I orders, 1881 < v 5 

rders, 1 3 

Vug . 1890, x 

July, 1- 1 

1881 1887, 2 

5 orders, iSSa <^-\ 14 

. • . Dec, 1 3 

1 1 irders, 1890-1891, 3 

■ i'i. rs, 1884-1891, 3 

. . . Sep! , 1882, 2 

. . . r'eb., i« 1 

July, i8fi x 

Aug . 1^;. x 

Aug , iS 1 

1 1 ---. 2 

VI ir . iSi I 

. . Vug , 18E I 

. Sepl . il 1 

. . Ma -*. 1 

. , April, i s >3i 2 

June, 18 x 

. . May, 18: 1 

May, >•- 2 

5 

Ocl 18S4, 3 

Jan . 1885, I 

a orders, 1885-1887, 3 

(i,! !••-;. x 

. . Vug . 18* 1 

. . April, ' yv ". 1 

De< . iftM, 2 



S< oiland. 



. . . May, 18S5,] 
July, 1885, 1 



orders, i88< 
l e n m q and Sepl . ii i 
orders, 1885-1S 



5 

4 
3 



146 
600 

500 
1 000 

404 

250 

61 

120 
368 
400 
5x8 
X36 
92 
160 
104 
208 

50 

500 

5°° 

90 
250 
30 x 
3x0 

146 

100 
75 

5° 
480 

5 1 

272 

5" 
400 

810 

520 

104 

60 

117 

2 544 
720 

342 
312 

300 

122 

122 

55 
156 
280 

156 
•56 
156 

124 

500 

96 

61 

184 
628 
240 

136 
614 

76 
104 

61 
322 

'59 

652 
480 
25a 



* 
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ED. ( \l \MI , Spinner, Epinal, France, . . Dec, jsh-j, 2 ' 

C. ZEUTZ Mill. Beauvais, France, ... May, 

BAUDOIN, RISLER ET CIE., Spinners, Luxeuel, France 

IRENE BRUN ET CI1 . 1 ... . e, St. Chan d, France May, iSi 

\l \M\<.\\ \ ORIOL, Lace, St. Chamond, Pram . , Feb., 

JULES GRATRV ET CIE., Weavers Halliun, France fan., iJ 

MADAM1 \ MANCHON LEMAITRE ET CIE., Calico Makers and W B be Frai ^pril, - 

DUBOIS, CHARVET, COLUMBIER, Irmentiers, France 

J. LEPETH ET J. BEAUDOIN, PavUIy, France, . . . ... tog., il 

A. J. GUEST, Weaver, Fecamp, France .... 



FERDINAND BRACQ, Spinner, Ghent, Belgium, 
BAERTSOEN & Bl VSSE. Weavers. Ghent. Belgium. 



Sep1 . ■ 
Ma) . 18 
: orders, 1 ■ *~ > , 



H.r. 

'5° 
104 

'36 
92 
75 

156 

9» 

558 

96 
96 

105 
4Q1 



I 
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ihii 





» j?ij^ 



ff f [f \ 
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Holland House, New York. Heated and lighted by 448 H. P. of Baocock & Wilcox Boilers. Erected 1890. 




SOCIETY *NON. LINIERE LA LI EVE, Ghent, Belgium . . . Sent 

A. & V. DE STAERCKE FRERES, Moerbeke, Belgium, . . . . . 1 „ 

ADR I EN FLAMENT, Grammont, Belgium, . . . . L."' 

JULIUS RIPPERT, Forst, Germany, ' ])e f' 

J PONGS, Neuwerk, Germany, . .' - ^ 

HEIDENSCHAFTER BAUMWOHLSPINNERE1 Heideoschaft, Germany '.'.'."""' 0. 
LA ESPANA INDUSTRIAL, Barcelona, Spai . . . ' .orders 1 



A. II DO V CIE . Barcelona. Spain 



4 ' ' "" • V.1&., i.arceiona, Spam j„i v 

rosi SALGOT, Weaver, Barcelona, Spain M 

TORRABADELLA HERMANOS, Spinners, Barcelona, Spain, ... .... 2 orders 18S4- 

PABLO SAN SALVADOR, Weaver, Barcelona, Spain m 



Spai 

COMPTE V VII IDOMAT, Barcelona. Spain. . . 
VIUDA DE M 1:1 R Ik \\R Spinning, San Felio, Barcelona Spain, 
ENklgUE ARIS, Cotton Spinning. Malgraj, near Barcelona, Spain, 



May, 

Mar., 
De 

Sept., 



1885, 

■ 893 . 

1 89! , 
1888, 



I 
I 
I 
I 
I 
I 
8 
2 
1 

3 

2 

I 
2 
1 



192 

172 

86 

136 
120 
17a 

580 

500 

'5 
217 

40 

86 

246 

61 



16U 



* 



*H 



* 




•iters. 

PER ERA & I'l'RI Al'.KI.I.X. .S|>.iin. Feb - ' 

FRANCISCO DE LA VIESCA, Cadii, Spain Ui-.i^jo, 2 

FIGOL1 HERMANOS, Weavers. Morella. S|>.»in ■.<<■/>, I 

ESTEBAN ALBERDI V CI E., Azcoitia. Spain Nov., 1891, 1 

■.. VELINO TRINXET, Monlstrol, Spain Ian., 18 1 

HIJO Dl FRANCISCO VILARDELL Y CI1 , Salt. Hero. ■*. Spain Mar, 1893, 1 

iMPANHIA DE MOAGEM EM VI ANNA Dl I kSTILLu, I. i.b mi, Portugal Oct., 1891, 1 

in iTER VAN DOOR.EN. Tilbury, Holland May, 1891, 1 

IH1 BROD1 rZER SPINNERE1, .Austria • • • Oct., 1892, 1 

JOSEPH Kill -I 1. Wurzeldorl v ... .... Ma 1 

5AVVA MEROSOFF'S SONS & CO., NikoUkoje MTg Co., Station Orechoroo, Russia, $ ord - 1891, 7 

rHEODOF ED PYCH1 VN, Spinner, Strasdenhoff, Riga, Russia June. 1 - 1 

P MAI Ml IN. Rimenskoje, Russia July. 1^5. 1 

v W MA KAROFF, Wadding Man fa Astrakhan, Russia July, 1 886, 1 

NETCHAE1 MALZOFF, Cotton Mill, Goussevo, Russia May, i8i 1 

MOSCOW LACE FA( rORY, Moscow, Russia Nov., 1889, 1 

K GUIWARTOFSK.Y, Lace Factory. Moscow, Russia Sept, 1887, 1 

1 1 mi MANUFACTURING COMPANY, Russia, Ipril and July, 1890, 2 

THE PROCHOROF1 MANUFAl rURING COMPANY, Moscow, Russia, .... Sept., 1890, 1 

JOHN BOUTIKOFI 8 SONS, M w, Russia Uig., 18I 2 

I 1 BASKAKOFF, Print Works, Moscow, Russia Ipril, i8i 2 

ALBERT HUEBNER, W< j and Printing, Moscow Russia, Feb-i ' 

SAVVA MOROSOFF SONS & COMPANY, Nicholsky, Moscow, Russia May, 18$ 4 

RUDOLF KELLER, Lads, Russian Poland June, 1892, 1 

5ILVA MORE1RA & CIA., Bahia, Brazil Sept., > ' J 

« kl'Z & CIA., Spinm rs, im aju, Brazil, ^ a ' 2 ' 2 

COTTON SPINNING COMPANY, Peraambuco, S A. Vug., 1892, 1 

- 1 1 i- \\< » CAUZIA Bombay, India "'■!" • '" • 

1 \i vhi\ A SPINNING AND MANU1 \i fURING I 1 IMPANY, I 'II' Bombay, India 1 eb 3 

sm \\m\ DE FILATUR1 ET TISSAGE MECANIQUE, Pondichery, India '■■■■ 1884-1887, 8 

GOKULDAS BULLABDAS COTTON MANUFACTURING COMPANY, Ulahabad, Indi De< ,1891, 1 

V GELLANDERS & COMPANY. Calcutta, India, Aug., 1893, 4 



MANUFACTURERS OF WOOLS. WORSTEDS. Etc 






H 



j \\ i;i -1 1.1. \ o )M i- VN'V, (ir.miu- Hosiery Mills, I iconia, \ 

FRANK. I'. HOLT, Hosiery, I-» N- H 

NONANTUM WORSTED COMPANY, Newton, Mass., 

GEORGE « MOORI North Chelmsford, Mass ■ • 

PI \\ EDALE MANUFAl rURINi COMPANY, Peacedale, R I. . 

PROVIDENCE WORSTED MILLS, Providence, R I 

BELLEVILLE MANUFA* l I RING COMPANY, Providence, R I. 

WILLIAM GREGORY, Wickford, R 1. 

UNION MA NT FACTU RING COMPANY, Wolcottsville I fonn . . 

1 1 \ I I BROTHERS Doeskins, Norwich, Conn., 

SPRINGVILLI COMPANY, Coatings, Rockville, ( on 

Ml I Nl- K & >MPANY, Moosup, ( onn . ... 

ROOT MANUFAl rURING COMPANY, Hosiery. Coh X V 



tag . 1882, 

Aug ' - 

Nov., i v 

i ., 1 $89-189 , 

! orders, 1882-18 
4 orders, 1 B89-1891 . 
. . July, 1893, 
tug . i- 
, . . Dei . 1881, 
Jan., 1884 
rders 1 887 i s <?o, 

Mar . iSwi, 
( )ct . . 1 • 



HARDER KNITTING COMPANY. Hudson, N V J '" >■ 

ABEGG, DAENIKER& COMPANY. Middletown, N \ . ■ - «**» ■ 

AKEN KNITTING COMPANY, Philmont, N- Y. a .... {h{ 

RARITAN WOOLEN MILL, I n, N. J , 

SOMERSET MANUFACTURING COMPANY. S .. V J . • • - 

BOUND BROOK Wl >OLEN Mil ! 5, Bound Brook, \ I . - - 1 orders, 18 iWi, 

I URMOl Nl WORSTED MILLS, Philadelphia. Pa., .... * ordera, f»79-«*i 

V'STONI Mil LS, Philadelphia, I'.. ■ . UeC - ' 

M \ I 1 RBISH .V son. Philadelphia, Pa Sc £ ' 

PI w Wmk.ii D MILLS, Philadelphia, Pa . ' ™rs, 1W3- ' 

ORMISTON MANUFAl rURING COMPANY, Knii Goods and 1 idies' Suits, Philadelphia, Pa . 1 »• | . »&*3i 

THOM IS I l< ittERS. Varna, Philadelphia, Pa ; v '"" ' 

roNATHAN RING & SONS. Yams PhiladelphU, Pa 1 orders, tssj-i 

I 1 GRAHAM, Dress Trimmings, Philadelphia, Pa ; - 

CONSHOHOCKEN WORSTED MILLS. Conshohocken, Pa .... 

I 1 VPPS& SONS, LIMITED, Jacksonville, III. ■ 2'" m 

S I: WILKINS COMPANY, Rockford. It! . 

.! 1 KNITTING 1 OMPANY, Elkhart, In icrs -l ! 

OLD KENT1 * K\ Wl -01 EN .MI LI S Louisville Kj 
,1 ipi u, u 1 1 1 3 & I n\il'\\\ . Si Joseph, Mich , - . 
M BUI 1 1 \ \M l U l URING I l 'Ml 1 KV\ Si I aeph, M 
tMOND u 1 >< 'I EN Mill S, Urnont, I nn.un., I anada 
MONTR] \i WOOl I \ MILLS, Montreal, Canad 



orders ^-\-* 
Jan., 18* 
Mar . 1883, 

2 orders 

Mar . i<s«. 



.■>-, 

1 
I 

4 
2 

4 

8 
1 

I 

n 

2 

3 

1 
1 
2 

1 
1 
6 

e 

5 
3 
2 

2 
2 
1 
2 

1 

5 

1 
2 
2 

3 



s!"t." Wll 11 M. RH HI I II U WOl ILEN MILLS ' hambl) NI ' 

CHARTERIES, SPENCE & COMPANY rweeds, Dumfries, J land, J '*>> 

[AMES JOHNSON & COMPANY, Tweeds, Elgin, Scotland, Nov.. i 

DEVAUX FRERES ET CIE., Wrimont, ers, Belgium ... ■ 5>ept., isw, 



If. P. 
127 

368 
20 

52 
152 

76 
124 
140 
192 
280 
1.256 
124 

92 

30 
92 

40 

40 

368 
140 
164 
164 

45 
J. 072 

123 
140 

248 

86 

152 

624 

820 

140 

640 



// P 
82 

73 
832 

688 
1.800 

165 
122 

200 
208 

366 
165 

5« 

»5° 

104 

61 

1.060 
720 

695 
416 

150 
500 

212 

'5° 
104 

208 

73 
824 
150 
121 
100 

3" 

83 

»5° 
362 

10S 

164 
120 
160 

75 



101 
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cc 



v 



^ 



cs 



LP 



C/3 



■*i 



U 
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ALBERT OUDEN H l II , Merinos and Cashmeres, Dfauu Igium, - . - ScpJ , 

GOETHALS-GOETHALS, Eecloo Belgium, . . April, 

S\ Rl l/« »L SENIOR & J CARR&RE, Makers of Fell Shoes, Bordeaux, Prance, - - - Feb., 

1 I -"■ »N PEQUIN, ( lygand k Beraardiire, VencMe, France J u, v- 

riBERGHIEN FRfeRES, Carders, Tourcoing, France, ... s orders, 18 

CAULLIEZ PfcRE, FILS & DELAOUTR1 rourcoing, Fiance, . .... June, 

A I LART ROUSSEAU, Carder, Roubaix, France, Sept., 

\ PROUVOST & COMPANY, Carders, Roubaix, France, 

M PATTYN, Spinner, Roubaix, France, - hcC -» 

C. ft J. POLLET, Roubaix, I ranee " 

HARDING-CRO< klk FILS, Lisle, France, M " ' • 

Mini WS LUDOVIi \ Larschette, Luxembourg P n *» 

GR1 DER & COMPANY, Cloth Manufacturers, Piet* (Lorwiia), Germany, Aug., 

HIJOS DE J MM i H »RT, Alcoy, S| tin, Not , 

FRANCISCO BON] I Barcelona, Spain, i AU 

JOSl GUILHERME MORAO, ( ^STELLO BRANCO, Portugal M»nl, 

[ KLINGLEF FUNGBUNZLAU, Austria, M 

\\\ I. KISLJAKOFF, Weaver, Moscow, Russ • Julv, 

SA< HAROFF BROTHERS, Cloth Manufacturers, Moscow, Russi July. 

I '.IRION WOOLEN MILLS, Dharival, Punjab, India, . . . Oct., 

DYE WORKS AND BLEACHERIES. 



/>■ . ■■ ■ . 


// P. 


1889, 


1 


2 4 « 


1893, 


1 


149 


10, 


1 


40 


», 


1 


40 


1887, 


5 


1,200 


.SS 


2 


488 


1885, 


4 


744 


1885, 


3 


558 


;, 


1 


123 


1887, 


1 


136 


1 887, 


1 


30 


189a, 


1 


25 


,-- 


I 


61 


188 


1 


82 


', 


1 


86 


13, 


1 


64 


13, 


I 


172 


1890, 


1 


4C 


1891, 


I 


96 


18V 


1 


120 



Boilers. If P. 



GEORGE C- M "'ORE, North Chelmsford, Mass Mir., i-" 

1 111 STERLING DYING AND FINISHING COMPANY, Sterling, < onn Feb., 1893. 

] IMES M \Kl in & COMPANY, Philadelphia, Pa . - orders, 1880-1881, 

01 AKER CITY I>\ E WORKS COMPANY, Philadelphia, Pa Sep! , 1881, 

(AMES McLARDIE & SONS, Paisley, Scotland, .... rders, 1883 1 

l &P CAMPBELL, Penh, Scotland ipril, 18 

HEPBURN & I OMPAMY, Ramsbottom, England, I- 1 " ■ ,v 

FAMES SMITH & SONS, VaraDyers Heywood, England, - • • Oct., iJ 

I ft I M. WORRALL, Manchester, England, . - ■ I orders, 1884-1887, 

Rl »BER r CH IRI 1 l >N & SON, I alenders, Manchester, England, . M«3 ' J8 7< 

S SCHWAB1 8 I OMPANY, Bleachers, Middleton, England aorders, 1886-1891, 

HANNART FRtRES, Roubaix and Wasquehal, Fram - ■ • . . 4ordei 1885 18 

BROWAEYS-DEGEYTER FRllRES, Roubaix, Fra - ■ a orders, 1 

l RNOU1 1 BAYARD, Dyer, Roubaix, France, . N( " • ,8S 5i 

1 ROUSSEL, Dyer, Roubaix, France, rders, Feb and Dec., 1 1 

I 1 K HETEUX 1 1 I 1 1 i >y< 1 Roubai* 1 ranc *P ri, < 'JJ?' 

: .1 I- Gl 0RI1 I X, Roubaix, Fiance, . 2? « 

M HIL1 I Dl I KB M.l-l . Roubaix, 1 rana Oct., it 

DUBOIS, CHARV1 I COH MBIER Irmenti&res Fiance, - a orders, Feb and tug., 18 

I I IUREAU, Dyer, Paris, France, x "- ' "JJSi 

1 BOURGIN, DRIN El FROUV1 Bleachers, I ourbevoie, France, 

. COUG1 I & H I. M OUR, Dyers, Puteaux, I 1 no b ' 

1 1 mi R I Rl Rl 5, Lyons, Fran ■ . 1 orders, ■ ■ J91, 

WALLERAND, WIART, WARTREMEZ, IACQZ El CI1 , Cambrai France, .... June, 1 

VANACHfcRE-PARMENTIER, Hallufo Belgium Jan.- 

MOERMAN FRfeRES, Roulers Belgium, June, iJ 



1 
2 
2 
2 

3 
1 

x 

1 

5 

1 

4 

5 

2 

2 



LA I'l W< HISSERIE DI MONPLAISIR, Schaerbeck-Brussels, B im, 

I 1 S( H l PP1 l >' H 5, Vervier, Belgium, . . 

I R \\/ BA1 Zl R, Indigo Print Works, Kanitz, Austria, ... . . . 

SUCCESSORES Dl FRANCISCO K' M R V rarrasa, -v\\n,- . . 

( VRH M.I- > & I RINXET, Barcelona, Spain, . . 

PIETRO INGELO BOGGIO, Dyer, Strona, Biella, lul\ , • - - 

Ml in iu« IRR1 BE 1 II riERI, I ivita Vecclua, Italy, . . . . 

\* UK) DE NnKII ■». \. Mexico, 

N \N :v 5CHUBERTH, Mexico City, Mexu . . 



Jan , 1890, 

1 1,-. i- 

Jul 

Jan . 1886, 

Oct., 18 
l eb . 18I 
May, 1887, 

Mar., 18 
No* . 



«56 
328 

208 

272 

347 
146 

136 
no 

636 

156 
494 
8:e 

342 
186 

558 

193 
106 

186 

476 

2 5 

140 

244 
422 
4.6 
106 

'59 
40 

47 
46 
30 

146 

45 
30 

64 
106 



SILK MILLS. 

/•' 

CHENEY BROTH ERS, South Manch Conn i orders, 1880-1892, 6 

l <>i [S FRANKE & COMPANY, Paterson, N I. . ■ Jp™ 2 

MAYER & COMPANY, Hoboken, N. J N " v lS " ! 

ONEIDA COMMUNITY. LIMITED. Kenwood, N V * orders, i9 

WHITEHALL SILK COMPANY, Whitehall, N. Y Sept., i* 

CORRIVEAU & COMPANY, Montreal, Canada, Jan., iSSa, 

[AMES MELVILL1 & SONS, Hazelden, Mearns, Scotland, May, 18 

LISTER & COMPANY, MANNINGHAM MILLS, Bradford, 1 id F eb., 18 

MOTTE, BOSSI 1 FILS Vel Leers, France Vf"' 1 ' 

MOTTE, BOSSI 1 FILS Roubaix, France, |ul '' 

\ MANCHON LE MAITR] ETCH , Bolbe< France If «! 

MOULIN Hl>. Ribbons, Si Fust Malmond, Frani Mar., iSift 1 

1 HRISTOPI INDREAL, Mlilheiro-on-Rhine Germany 2 orders, 1884-t* 2 

OSSIP XISSINOFF. M Russia A ' )nl 2 



IIP. 

1 300 

150 

75 

134 

75 
100 

104 

136 
166 

164 
92 
15 

248 
80 



* 






*• 



lfi3 



» 



HEMP. JUTE, FLAX. Etc. 



LAWRENCE ROPE WORKS Hrnoklvit. X. V. . . . 
I.. WATERBURY& COMPANY, Rope, Brooklyn, N. Y. 
W. O. DAVEY fi SONS, Oakum, Jersey Cily, \ I 
LAMBETH RO I I ' "MI'AN^ New Bedford, Mao., . 

POIN1 LINEN l.N'D FIBR1 COMPANY, Mineral Point. VI 




M,,kKl ft \ l i-i-i'l . " i . A..' . '• 1SS5-1888, 

MOREL. & VERBEKfc, Flax Spinners, Ghent, Belgium, . . . .„ ; f(U9 

l'l SMET ft DAVIS, Flax Weavers, Ghem, Belgium, . ' !?' 

SO< 11 11 AN< »NYM1 1 1 mi ki 1 .. lx Spinners, Ghent, Belgi 
SVENSKAJUTI WAFWERU AM II B01 \'.ll I SODE 
JAMES MILLER ft COMPANY, Rope, Melbourne. Australia, 



!" . «S8o, 
"" Vug., 1893, 

ERT1 LG1 Stockholm, Sweden, Sept., 1890, 

Sept., 1888, 



Boilers. 
2 oidcis. 1*79-188 2 

Jan., 1880, 2 
-• orders, 1880-188.. 3 

. - Dec, 1893, 1 

July, 1? 2 

1 

1 

2 

1 

: 

6 

2 

1 

1 

3 

2 

3 



HP. 

250 

35° 
300 

73 

334 

60 

136 

»75 
152 

960 

248 

163 

245 

477 



312 



CARPETS AND OIL CLOTHS. 

ALEX \M.| R SMI l H & SONS CARPET COMPANY, Yonkers, X. V, 




FREDERICK WALTON'S MOSAIC LINOLEUM CO irn/r ,„. 1 1 •.-'•' Oct, 1885, 

ANTWERP LINOl I UM COMPANY .t^l^ ' *?""* >**»>*&**• *■* ' 

PABRIQUE DE TOILES CIRfiES ET DE LINOLEUM, Antwerp, M^nm. ' '.. . *£]] \ 



4 

2 

6 

a 
1 

1 
1 



HP 
3048 

416 

500 

=08 

1 248 

248 

212 

»9S 

208 



COFFEE AND TEA PLANTATIONS 



FAYENDA DUMONT, Coffee Plantation, S Brazil , a B °''' r > 

H. W. GARDNER, Coffee Planter. Ocos, Guatemala, ' ' ' " {*"•'**• x 

WALKER BROTHERS. London, for various Tea Estates in Ceylou, ... \ 290rders , ' ^ 

J orders. 1892-1893, 



W. WALKER, London, for Ja 




COMPAGNIEDEFlVE^IlIIi;Pa^VforT«T • ! \\ i*"""! 

June. 1 - ,z . 



I 
30 

4 
1 
x 
1 
1 

3 
x 



H /'. 
53 

»5 
658 

345 

25 

25 

*5 

52 
228 

*5 



PAPER AND PRINTING. 



£ t> u^biM ' PJESUMPSCOT MILLS, Cnmberiand Mills, Me 
si) WARR1 n & COMPANY, ( „, k m :] . rdiner, Me 

kilHARDs i-api R COMPANY, South Gardiner, Me ' 

|Mkl ST PAP] R 1 OMPANY. Yannouthville, M, 
MONADNO< K MILLS, Bennington, N. H. 



6 orders, 1883 
1884 

• - Mar . 




4 orders. 1X.N3 

I' 

Feb . 
2 orders. 1891- 
- . A 



s v BEACH PAPER COMPANY, Seymour, Conn., 
AMERICAN BANK NOTE C«>MP\NY. New York 
wait ft RICHARDS, Sandy Hill. N. v . 




u-mT,; F ;, S ,, HAKRIS * S,,NS - **"»■ Philadelphia, Pa..' 
WILLIAM MANX COMPANY, Philadelphia. Pa.. . 



REP.K ..■( \ PAPER MILL. Bridgeport. Pa 

PENNSYLVANIA PULP AND PAPER COMPANY, Lock Haven P,' '. 

C. S. GARRETT & SON, Child's. Md.. . . 

CECIL PAPER COMPANY, LIMITED Elkton, Md . 



Feb.. 

May. 

Sept, 

Ju 

. . April. 

. . Sept., 

• - Aug., 

• • Aug., 
. . April, 
. . A pril , 
. - Oct. 

7 orders. 1881- 
Sept., 
Mi 
Dec, 
Aug., 
IK. 
Oct., 
Aug., 



Boilers. 
-•880, 13 

-1890, 4 

•894. 2 
-1891, 6 

1 

1891, 1 

2 

1892, 2 

'893. 2 

1893, 1 

• 893, 1 

1 

>**4. 2 

2 

iV* 3> I 

I 

1884, 1 

1881, 8 
r8oi, 14 

1882, 1 
1881, 1 
1893, 2 

it, t 

1883, 2 

1879, » 
»88 3 , 



H.P. 

1,9:2 
368 
272 

1.639 

61 

208 

416 

340 
4:6 
150 
100 
160 
60 
240 
X64 

73 
125 

122 

1 .000 

1.992 

5° 

75 
360 

122 

1C.4 

■ ■ 1 
60 



164 



* 



*- 



► 



* 



!U1 haw \ W VTER Pi >u 1 R AND P \i'i R < i IMPACT, Conovringo, Md., . 2 order';, idftj- 

FARM AND FIRESIDE, Springfield, Ohio zorders.i 

WARDLOW THOMAS PAPER COMPANY, Middletown, Ohio, 4 orders, 1881 

TYTUS PAPER COMPANY, Middletown, Ohio orders, 1882- 

GARDNER PAPE1 COMPANY, Middletown, Ohio a orders, 1 

THE W. B OGLESBV PAPER COMPANY, Middletown, Ohio taf 

PARENT PAPER COMPANY, Middletown, Ohio Jul 

AMIkh \\ STRAW BOARD COMPANY leville. Ohio 

EAGLE PAPER COMPANY, Franklin, Ohio, i orders, 18 

DELAWAR1 PAPER COMPANY (formerly Glass 1 I II Paper Co.). Delaware. Ohio. 2 ord 

WABASH PAPER COMPANY • iw Boards, Wabash, Ind Har., 

OHIO PAPER COMPANY, Niles, Mich Iv.lv. 

VAN NORTWiCK PAPER COMPANY, Ba 111. July, 

KAUKAUNA PAPER COMPANY, Kaukauna, V . July, 

' 1 DAR FA1 I - PAP1 R I OMPAN'V lar I ill low 1 rders, 1! 

K tNSAS 1 ll\ fOl R.N \l k ■ Mo ..... Aar., 

LK k PAPER COMPANY Cal., 

fOHN COLLINS, Dem id Milton Paper Works, Dowling, Scotland, 

MARTIN & COMPANY, LIMITED, Millboard Manufacturers Craiginarl I Aland, . Oi 

. - II u \U I' .-. 1 1 IMP WV. « Scotland, Ma 

ABERDEEN FREE PI 1 Vberdeen, Scotland, Feb., 

GORDON MILLS PAPE1 MPANY, U«rdi id Jut*, 



fyotttrs. 


n.i . 


». 


4 


328 


[891, 


2 


100 


|2, 


5 


785 


|8G 


4 


875 




3 


388 


i, 


1 


146 


■ 


1 


142 


■■ 


16 


1 472 




3 


375 


1887. 


3 


= S8 


■ 


5 


1.250 




t 


201 


$8, 


I 


125 




2 


250 


i, 


2 


197 




2 


200 




3 


256 


■-. 


6 


665 


h, 


1 


82 


,... 


1 


156 




2 


5° 




2 


280 





% If 

Paper Mill of Juan M. Benfield, City of Mexico. 

H r 

I HI INVERKEITHING PAPER PI I P COMPANY, LIMITED l linburgh Scotlan I, ril, ifi 2 21* 

S. H ' OW 1 II 1 1 irvich, : nd Vlar., \ 1 35 

HARRISON IS, Printers, Loudon England, Dei x 70 

[AMES BURN >MPAN\ Bookl idon, Eng June \l 1 28 

LONDON PRINTING W I IAN< E I OMPANY, I I MIT ED, I ondoi Englan D 1 52 

DOUG! \S MITI HM Printer, Birmingham. England, Dec, 1891, 1 15 

1 I I \\ & 50NS, L'T'D, Printei I Bunga Englai . 201 . [an and May, 18$ ^ 115 

U & \- I I: I Mil I 1' 1:1 igland, . 1885 2 iga 

I \K VIA \ I OMPAN1 .1 >nd >n, 1 »r Paper Mill, Japan Dec , 18J 3 249 

ini CO-< \IIVI NEWSPAP1 OCIETY LIMITED Manchester, J - ind, . . . fune 1 no 

WARWICK, ISAAi COMPANY, Wi Windsoi England < »« 1 76 

M 1 WAN, < irdiff, Wales, I 1 140 

\V. SANDERS Paper Mill R fikeim, near Vrnheim, Holland [an-, 1 140 

A. GOMB1 I' 1 i I >01 1 1-:. Coloi Paper Manufacturers, Halluin, Belgium n, 2 46 

H DESSAIN, Uigt, Belgium v!i I ** 

IMPRIMERU I) US1 I'm .France, [an., i8i 2 126 

IMPRIMERU IUTEUIL-LONGCHAMP, Paris France, Oct., iS 3 «o 

[OURNAL " L'lLLUSTRATION," Paris, Frarn Inner- % g6 

CHARLES UNSINGER, Printei P Frai Nov., 1 x 50 

IMBERT ET CI1 , " La Commerce" Pi [Office Paris Frai [uly, tS 1 13 

LOUIS GEISSLER Paper, I a France, frug., iK 1 240 









+■ 



■ 1 ;:, 



+ 



* 



PAUI VA KIN. Paper, Jean d'Heurs, France, 2 orders, 1887-1890, 

M. G. KAMMERER, Paper, Av&z pr&s lea Vigan, France, , j a „ |ggg 

LA JOSS METALLOCHROME PRINTING COMPANY, LIMITED, BaUaocoutt, France. Jan* 18.10' 

LA SOCIETE DE PA PETER IE, Ballancourt, France, June, 1893,' 

SO.MAT ET CIE., Printers, Marseilles, France p e j, ,800' 

P. MEDEVILLE LAURENT ET CIE., Bordeaux, France ..'.'." a orders.' 1893, 

ARRA Y CI A., Paper, Tolosa, Spain , l1( 

R1CAKT V CIA., Paper, Villanueva, Spain | ,„ jgg^ 

ANTIGA VIUDA DE COROM INA Y BORE*, Castelfullil de b Roca, Gerona, Spain, .' .' ." m, i ! 1886,' 

GRETON & ROSAL, Paper, Bevalie, Gerona, Spain M 

PEREZ & ARANO, Paper, Alcoy, Spain Jan iS 

JALNK APARICIO LOPEZ, Paper, Alcoy, Spain . . lulv" i'S' 

DIE NEUSSER PAPIER I ABR IK. Neuss, Germany , April 1 - 

JULIUS SITTENFELD, Printer, Berlin, Germany, ,'.'.'" Julv iK 

DIE KAISER LI CHE REICHSDRUCKEREI, Berlin, Germany, ' Juiv'.- 

DIE K. K. HOF-UND STAATSDRUCKEREI, Vienna, Austria ' j unc * 

KATRINEFORS AKTIE BOLAG, Marienatad, Swede . . \i,..'., ,' 

IMPRESSA B. KOHLER. Savona, Italy , ] N *3 

A. EDLMANN & COMPANY, Bologna, Italy No? i5? 

A.N. KLJUGIN, Paper, Moscow, Russia Scnt'.*^' 

CASTRO FERNANDEZ. Paper. Havana, Cuba '. v 

JUAN M. BENFIELD. Paper, aty of Mexico. Mexico Jmi'Sto 



I(rs. 


MP 


3 


300 


I 


34 


I 


*S 


I 


248 


2 


84 


2 


172 


X 


5i 


I 


61 


I 


30 


I 


20 


I 


20 


I 


xo6 


2 


208 


2 


240 


2 


230 


6 


636 


2 


192 


1 


5* 


X 


82 


X 


X2C 


2 


160 


I 


X22 



LUMBER AND WOODWORKING. 



Boilers. 




KkiM.kl YN 1 «.,.N 1 \GE COMPANY, Brooklyn, N. Y., . . 2 orders 

I NTH 1) STATES NAVY, Saw Mill, Brooklyn, N.Y., .... ' i tl K 

S. I). KENDRICK, Saw Mill, Glens Falls, N V Slav' iSSt 

LEE. HOLLAND & COMPANY, Buffalo, N. Y , ... " ■* .88* 

HALL & (lAkklsuN Philadelphia, Pa.. ....'.'. April. 18 

ALBERT STOVER, Kiutnersville, Pa ... 

WASHBURN & ZERFASS, Planing Mill, Scranton, Pa \\ ' im ' 

J. E. PATTERSON & COMPANY, Planing Mill. etc.. Pittston. Pa, „ , 

KIMBALL, TYLER & COMPANY, Barrel Staves, etc., Baltimore. Md 



E. W. HORSTMEIER & SON, Baltimore, Md Feb ig*i 

BRUMBY CHAIR COMPANY, Marietta, Ga 2l 

PALMER MA XUFACTL'RIXt; COMPANY, Q erage, Charleston, S. C. lune iS 

PINNEO & DANIELS. Dayton, Ohio ' Nov !.' >{ 

DELPHI PLANING MILL AND HOOP COMPANY, Delphi. Ind 

SOUTH BEND TOV MANUFACTURING COMPANY, South Bead, Ind . . 
WABASH SCHOOL FURNITURE COMPANY, Wabash, Ind., . . 
INDIANA FURNITURE MANUFACTURING COMPANY, Connersville, Ind 
DODGE MANUFACTURING COMPANY, Pulleys, etc . Mishawaka, I. .a 



BAUERLE & STARK, Sewing Machine Furniture, Ch III | 

W. H. S. MOORE, Post-office Boxes, etc, Turners, Ill, . . . 

BOUSFIELD & COMPANY, Sashes, I -. ind Blinds, Bay City 

R. G PETERS, Saw Mill, Manistee, Mich 

MARINE CITY STAVE COMPANY, Marine City, Mich.. 



- ■ Jan , iSf 
2 orders, 1884-1887, 
M ir.. [884, 

July, iS 
lune. 18*8, 






Mich 



CHESBROl'C.H BROTH I K s, Saw Mill. Taqnemenaw River, Mich IV ault Ste Marie) 
ST. LOUIS REFRIGERATOR AND Wooden GUTTER COMPANY Si I Mo 

FORT MADISON CHAIR COMPANY, Fort Madison, Iowa 



Sept., « s vQi 
.1 tine, is 1 
Oct., 1881, 
June, 
M 
\i- 
Ipril. 18S2, 




3 

3 

x 

2 
2 
1 
2 
2 
2 
2 
2 
1 

2 

1 

2 

2 

2 

2 

1 

2 

2 

2 

2 

3 

2 

1 
1 
2 

3 

2 

2 
2 

3 



TAYLOR & BROOKER, Steam Saw Mill, I^Aiiig, England/ Nl)V ' 

MARCUS MOXHAM & COMPANY, Saw MAI, Swansea, South Wales orfew i»wS! 

MORRIS & SMITH, Saw Mills, Cardiff, Wales / 

MONTREUIL FT CI] Sa« Mill. Rouen, France ' ' '» order* \ss*-iS 

DL-RANTK FT CIE.. Marseilles. France, ....... Li? .! 

I AMI I I E BERZANCON, Saw Mill, Bordeaux, France. 



Sept., 181 

May, is^i, 



h r 
184 

150 

1*5 
250 

92 
122 
7IO 

*53 

5* 

*«6 

25a 
40 

62 

208 

86 

146 
200 
120 

200 

61 

*97 
125 

246 
272 
136 
50 
416 

200 

312 
240 

1-5 
60 

208 
510 

4«6 

464 
i 4 6 

6i 

120 

€»4 

I I 

20 

I4O 







166 



-i« 



*- 




Merxem, Belgium, 

Germany, 



SOClfiTS INDUSTRIELLE DE MIOS, Mios, France, . . - 

TH1 ONCKEN PATENT JTAVELESS BARREL COMPANY, Mewem, Bel 

PATENT BOX \M* WOOD ARTICLES M'F'G COMPANY, Rurnmelsburg, 

GUSTAI K.ARRBERG, Gothenburg* Sweden 

Mil DAL I INDSTIK FABRIC, Matches, Nitedal, Norway, 
CALLUI>1 & STEUERMANN, Saw Mills, Piatra, N. Roumania, 

OAN( E & MONTESI, Caracal, Roumania. 

CR1 ENBERG SIMSE & ROSENBERG, Saw Mill, Tecuuu, Roumania, 

M \\<i | - E( OSTEIN, Rzesxow, Galicia, Austria, ■ . 

STERN & KNAPP, Furniture, Triesch, Austria, - ■ 

N- F- Hi USTIN, Sa« Mill, Katjun, near Smolensk, Rus 

A F. BIGE, Saw Mill. Moscow, Russia, . - • 

F, R. MAK.SIMOFF, Saw Mill, Zaritzin, Russia, . - 

JOHN SHARPE & SON, Wood Workers, Melbourne, Victoria, 



Boil 

. Feb., 1803. 

Oct., rSo2, 

Mar., 1*90, 

May, 18911 

July. 1SS2, 

. . May, 189a, 

May. 1893, 

Jan., 18941 
Feb., i8q 
Jan., 1894, 

Mar , 1890, 
April, iS 
May, i8go, 
orders, 1S89-1890, 



rs 



HP. 
140 

25 

123 

104 

86 

76 

96 

9 6 

40 

52 

30 

40 

164 

244 



GRAIN AND FLOUR. 

THE DOl IBER-GOODALE COMPANY (Mellins Ko..u>, I -u, Mas* « - , - 

Nl- u ENGLAND BAKERY, Branch of United States Baking Company. Charlcstown, Mass 

PIONEER MILLS, Cooperstown, N Y., ..... 

^ B CLARK, Bakery, New York ...... 

UNITHD STAI LS BAKING COMPANY, Niagara Branch, Buffalo, N. ^ . - ■ 
LklE ELEVAIOR, Jersey City. \ J. . 



tr\ 



luly, 1890, 
Dec , 1S90. 
Aug., 1878, 

April. 1 • 

Aug , 1^ 



I 



<>r<l 



H K CUMMINGS & COMPANY, PhUadelphia, Pa • W. « 

J. C KLAUDER, Philadelphia, Pa 1 IS" 

McGREW, PARKISON & COMPANY, Monongahcla< Ity, Pa., - . l»-i ' *■ 

H FULIUS KLINGLER & COMPANY, Butler, Pa., - ■ ■ «!' '« 

WILLIAM Ml & SONS COMPANY, Wilmington, Del., a orders, 1^. 

A H SIBLEY, Baltimore, Md., * orders 1882- ■ 

PLANTERS Wl' MER< HANTS' RH I MILL, < harleston, S I . . June, 1 

NATIONAL RIC1 MILLING COMPANY, New Orleans, La 

L \\I 1 R Ml II. ( I >M PANY, N ishville, renn - - 

Ml MPH1S MM I COMPANY, Memphis, renn , 

VALLEY CITY MM. I. IN- i I OMPANY, Grand Raptds Mich 

VOIGT MILLING COMPANY, « .rami Rapids. Mich., 

\> \\ 1 D STOl I . Detroit, Mich . 

L i i, HFIE1 D MILLING I OMPANY, Litchfield, 111 
WINKLE, GREENL1 \l & COMPANY, Minneapolis, Minn., 
DULUTH IMPERIAL MILL COMPANY, Duluth, Minn., . 

NOR! Hi RN MILL < l 'Ml' *NY, Duluth, Minn 

I p p] \\ I MILLING ( OMPANY, St 1 ouis, Mo . 
U VGGONER GATES MILLING ( OMPANY, Independence, Mo 
MINTO ROl LER MILLS AND El EV ITOR COMPANY, Mtnto, N. D 
GENESEE MILL COMPANY, San Francis CaL, ..... . 

Dl MING-PALMER MILLING COMPANY, San Francisco, CaL, 

MERCED MILLING COMPANY, San Fi mcisco, Cal 

ALBAI n R( » & -\RK U HE, Macaroni, I itj ol Mexico, Mexic. , 

iNl r ACN I LEY( 1 I -II. Silao, Mexico, 

MANSON & COMPANY, Aberdeen, Scotland, 

w g p k ODLUM, Com Millers, Port Arlington, Ireland, . . . 

-1 ill TAYLOR, Flour, Lambeth, London, England, .... 

Mil- DR\ GRAIN COMPANY, Poplar, London, England, , . 

WILLIAM HUGHES, Shrewsbury, England, 

RICHARD SHEPPARD, Newchurch, England 

Mlh HEL1 BROTHERS, Whitefoot, England, 

'I. c M0L1 SWORTH & SON, South Luffenham, England, 

M. FENET, Goussainville, France, . . - 

A. REYNAUD FILS, Marseilles, France, . . . - 
Lull- ' IRRIE, Marseilles, Fram . 

LEON LAVIE, Miller. Marseilles Fiance, • - ■ 

ANTISSER FILS, Marseilles, Trance, 

PAIL. FILS, AIM. Marseilles, France. . 

\ll\\kl> FRERES, Valance d'Agen, France - - 

\ WINERIES ST. REQUIER, Paris, Fiance, ... 

VANDERSTOCKEN & VON WREDE, Antwerp, Belgium, . . 

LEFEBVRI DEVERNAY, Toumai, Belgium 

CLEMEN! DAMBOT, La Louviere, Belgium 

V j VAN IELST, Hemixen, Belgium, 

VANDERMARLIl RE FRfcRES ET 5CSURS, Dculeraont, Belgium 

ED LA* HMANN, Hamburg, German . . . .... 

JOS1 GORT-ARBECA, Lerida, Spain 

[OSfi FORRENTS & COMPANY, Vick, Spain, ...... 

LA COMPANHIA DE MOAGENEM, Millere, Vianna do Castello, Lisbon, Portugal, 

FRANCISCO CARMELLO MALLEIRO, Lisbon, Portugal, 



|2, 

lulv. 1881, 
1 eb . 1886, 

Ian , 1XH5, 

2 orders, 1886-1887J 
i b , 189*1 
l 1 1884, 

Oct., 1891, 

rs, 188 ■ ■'. 

April, i8i 

Jan., (8 .-'. 

April. 1882, 

l"-v , 1883, 

April, i^'j:, 

Aug . 1 

Ocl t88o, 

Jan., i8s-. 

June, 1884, 

Feb.. »--'. 

Keb . 1 - .1 . 

Jan-, 1 
Jan., 1885, 
Oct., 

June, I \ 
July. 
orders, 1887- i&<,<\ 
I »Ct M 1887, 
Mar., 18S9, 
Dec, 18S6, 
July, 189*1 
Feb., 1S91, 
Mar., 18- 
Oct., 1889, 
( u t.. 18 
Feb., 1892, 
Mar., 1893. 
July, 184 
Nov., 189a, 
May. 1885, 
July, 1890, 
2 orders, 1889-1891, 
. . Aug., 18S9. 



2 
1 
2 

x 

X 

4 

I 
I 
1 
1 

3 
2 

X 
2 
2 
2 
X 
2 



2 
t 



h r 
416 

82 

150 

40 

82 

500 
104 

50 

61 

92 
275 
250 
120 

488 

120 
164 

122 
280 
231 
I20 

337 
208 

184 
716 
224 

73 
136 
208 

82 
184 

60 

104 
104 

384 
20 
61 
40 
248 
172 
61 
87 
5» 
92 
136 
52 
76 
260 
188 
246 

96 

76 

64 
62 

25 

40 

250 

83 



167 



► 



H 



I 



* 



iiai I. BrtJnii, 



ERSTE BRCNNER M \-< HINENBAU FABRICS, GESEL1 

Austria, for Flour Mill in Hungary, 

JAC. BALER & COMPANY, H. M Vaaarhely, Austria.' . 
CHRISTOFORATOS FRERES, Gelati, Roumama, . . 

J. A. THOHARI. 1 NEAMTZU, Roumania 

Tin 'Mas vvaxeck. Rouraania 

DAMl'FMUHL ACTIE GJ SI l l SCHAFT, India, near Budapest, Hunan 
ELIZABETH DA.MI'I Ml HL GESELLSCHAi I, r*emesvax Hungarv 
Mh M \FL VERDI RAME, Paste for Macaroni. L.cata, Sicily. 
AKMET HUSIANOFF, Orenburg. Russia, 

l»(>Kk<H I SKY, Flour Mill. Orenburg. Russia 

RJUSHKoFF & Roll HA., IN. Borissoglebsk, Russ, 
MILITARY FLOUR MILL, Winnitza, Russia, 
MILITARY I LOUR MILL, Brest-Litoflsk, Russia 
MILITARY FLOUR MILL, Berditcheff, Russia, . 
MILITARY FLOL'R MILL, Kremeotschug. Russia. 
MILITARY FLOUR MILL, Minsk, Wilna, Russia, . 
Mil II \KV FLOUR MILL, Dunaberg, Russia, 
HENRICH FAST, Ekatherinoslav, Russia, . . . 
D. H. 01-r.l NSHTPK1T. FK.ur Mill, Bogodoohotf. Kuss; 
M. KR0OK0OSKY, Tiumen, Siberia, 
PATERSON & COMPANY, Smyrna, Asia Minor 



Ho, 



rd 



^ orden 



I »ec, i 
July, It 
tia\ , 1893, 
May, 
Oct., 18 

July, 1892, 

J.' n. 

crs. it S7, 

April, 18 

pt., 1- 

Oci . 18c 

Nov . 1880, 
July, 
Oct 
nd May, 1891, 

l>, 

1 1891, 

M.i\ 

Jan . 1892, 
April, ISQI, 



rs. HP. 




96 

»59 
76 
40 
124 
420 
208 

73 
40 



70 

»53 

70 

73 

»5* 
70 

m 

40 

128 




Babcock &. Wilcox Boiler, showing; pressure parts, suspended. 

DISTILLERS AND BREWERS. 

RHODE ISLAND BREWING COMPANY, Providence. R.I Mar ^^T' 

l^S^™ > P ° TH BREWING COMPANY. Philadelphia, Ph.. . . , /orders, *£+ £ 5 

HANNIS DISTILLING COMPANY. Baltimore. Md ■ orders rf6o-.M6 

ACME BREWING COMPANY. Macon. C» Dec 8- 'I 

^™^ * LE 'CHT BREWING COMPANY. Chicago. ..... , „ rders , £- '£ 

McAVOY BREWING COMPANY. Chicago, Ill une , S8 ' 

LION BREWERY. Detroit. Mich.. . . . . . . C'' '**' 4 

DETROIT BREWING COMPANY, Detroit, Mich., . m'.v 88o' \ 

HEIME BREWING COMPANY. Kansas City. Mo " " ' £J" !«• \ 

SR * ™2°JS722 C0MPANY . *-*F Mountain Brewery. Denver.CoL. .' . .' , o r de,s.' .SsUsoo.' 5 
SR. DON JOSE ARECHABALA. Cardenas. Cuba. . . . ?uly l8 J! 

f I'v^uJ^V' CUERRA - Cusntlaand Cuernavaca. Morelos. Mesic , /orders, June 'and Oct.'. ,886.' a 
LA FABRICA NACIONAL DE LICORES. Cost. Rica ' Fcb , 387 . 

ANTONIO OMS. D^ll, r . Bella Vista. Argentine Republic ' ' D ' 8 J" 

wT&? JSST- T "f^- ■*" • -"«^-S^S ' 

Riwftri^P^^rT.^™^*^'^ 81 ^ orders. Mar. and July. ,888. , 

REW & COMPANY. Distillers, Plymouth, England t' l888 

7lS; ¥ MOLESWORTH * SONS. Brewers. S.uth Luffenham. En B l.nd ." . ' .* Jan Z' 

LEWIS CLARKE & COMPANY. Brewers, Worcester. England. ] [ July.' ,8^.' ! 



1 1. P. 

.84 

6*4 

1 
303 

832 

50D 

500 

292 

1. 150 

6l 

8l 

122 

15* 

337 
205 

10 

76 

7 c 



H* 



l«s 




Gl I.L.MAN & SPENCER'S BREWERY, London, England, . . 

JOHN w\lNl.\ ,v SONS, Wandsworth, London, S. W., England, 

HklM<»i. < KANNEL MILLING AND MALTING COMPANY, Portishead En land 

ELY BREWERY COMPANY, Ely, near Cardiff, Wales .... 

GL1 N ROTHES DISTILLERY, Glen Rothes, near Elgin, Scotland 

SOCIET1 I 0-OP1 R \l IVE LI - BR ^SSEURS Rl UNIS, ( outrai, I ranee 

DROUL1 RS-PROl VOST, Distillers, Roubaix, France, 

SOCII i i v\<>\\ \n i \ GAL1 I \, Paris, I ranee, 

A. & B. VAGN I EZ, Distillers, Amiens, France, . ... 

HMETZ-FRITSCH, Brewers, Orleans, France, . 
G RINCK, Brewer, Si Etienne, Frant . . 

MOS1 R i I in-. Brewers, St. I tii one, Loire, France 

- VI FRE & BOND1 MM. Mareq en Bartheuil, I ranee, . 
A. i.L'lir.i Rl, Histiller, Bordeaux, France, . . . 

1 Ul I ^NDU k. I iiai \i<i. I i VIALLEFOND, Brewers, Pooudu-Cniteau, Franc. 
SO( ii M ANONYMI DES SU< RERIES I r DISTILLERIES Si Denis France 

MIRAND DEVOS, Versailles France 

I RISACK, Brewer, Vilvorde, near Brussels, Belgium, 
Dl ZUID-HOLLANDSCH1 BIERBROUWERY, ["he Hague, Holland, /orders I 



S«pt., 
June, 
I tec, 
No 
ipril, 
M.i\ , 

M 
-• order 

( lei 



Boilers 



June. 
Oct., 
No\ 
Aug., 
. . Nov . 
M 
Oct., 

June, 

ulj and Ni 



18^9, 

1893, 
1893, 
1893, 
1891, 
1891, 

1887, 
r888, 
1885, 

1891, 

1889, 



1 

1 
1 
1 
: 
1 
2 
1 

3 

1 
1 
1 
1 
1 
1 

3 
2 

1 

2 



H.ihcock ii Wilcox Boilers, 120 H. P., showing Pressure Parts, suspended, ready for bruk work. 



I "I [S KIRI ll\l inn Deventer, Holland, 

WEDERLANSCH1 GIS1 EN SPIRITUS FABRIK, Distillers, Delit, Ho 

I'M I rS< HI DIS1 II I M RDl Rl I. Delft, Holland 

LUIS U. A \l DO, I Spain 

VDOLFO Dl I". I 1 - \ III RM w »s, Distillers, Mala 
Mil l HRIS1 1 Wl \ l:kV«;«;l kl, ( hrisl Norway, 

CHRISTIANS V. I II OLBR1 1GG! Rl, ( hri i, Norwa; 

M NG1 ES& < OMPANY, Bi 1 hristiaoia N 

I III CI N I RAL BRYGG1 RI1 I. Bn v< 1 ■ hri 1 u la, N01 

I l". Dl M INDS BRYGG1 Rl, Brew, rs I hristiania, Nor* 1 

II INS \ BRYGG1 II. I ■-.. Norway, . . 
["RONDHJl MS BRYGG1 Rl, Drontheim, Norway, 
I 5CHAARSCHUH, Rummelsburg, Germany, . 

WI1 HELMST1 BR1 Wl RY, Stralan, Germai m„ ,887 

BURGH Mil R BR \l I R] [BI 31 l/l R, Bi rmany, Ma) .- 

ROSSI III LES( Wl. Distiller Bacan, Roumania, Dec .s 

D PA PPAYOGOLON, DbtUler, Keganlik, Bulgaria, . . . . ... J a 

M. LIANOSOFF, Brewer, Astrakhan, Russia, . . Mar 1 

BARRETO FRERES & GENRO, Distillery, Oporto, Portugal . . Ml, 

w - N ' I l k. Melbourne, *ustri z orders, n>-i^<, 

J. T. & J. TOOKEY, Standard Brewery, Sydney N. S. V July, 189a, 



i>, . , 1S89, 
-1891, 
Jan 
Maj . 1891 . 

June. 1 • 

Mar. , 1 - 

Aug , i- 

rs [an and N01 . 1 - 

. . July, 16 

. . . Oci . 18 

Nov., i v 11, 
M .?. 

Mar . i« 









2 

I 



// P 
208 
i6\. 

"3 
40 

17 
10 

372 
5» 

417 
40 

25 
45 
93 
S2 
41 
312 
86 

5' 




76 

5OO 
220 

2 5 

11 

216 
112 

338 
107 
284 
140 
88 

93 
93 
4C 

125 

55 
20 

152 

90 

86 



L69 



* 



* 



►H 



*> 



WINKS 



MOET 1 l CH \\I><»\, Champagne, Epernay, Fiuu 

G. H. MUMM I-!' ill Rheiros I ran- 

SUA \ ft OOSENS, London mod Oporto, Portugal. 

W. PoLsE RiM IH oporto, Portugal. . . . 



Anc -%. 3 

Dec., 1888, i 

Feb., iM i 

Mar I 



// /». 
330 

45 
30 
30 



PERFUMERY, Etc. 

JOHN JAC'KsoN & COMPANY, Perfume Distillers. Wee! Croyden, Sum I >gland, 

ANTOINE CHIRIS, Giasse, Fiance 

CAVALLIER FRERES, Perfumer) Distillers, Ougrie, Belgium, 
THEODORE '.I \MMKK. Weoswasser, Germany, 
LEON CHIKI*\ Perfumer, t.rasse, Alpes Marilimes, 
ANTOINE CHIKI>. Perfumer, Bonfaric, Algeria, . 



Boilers. 

Jan I 

1 eb., 1890, 

Aup . i< 

Nov. , 1 891 . 

Sepl iS 



1 
1 
1 

3 

2 



«5 

88 

20 

96 
406 
C76 




Babcock &. Wilcox Boilers, set with Independent Feed Water Heaters. 

MINING. 

B 
BIGELOW BLUE STONE WORK.N Maiden, N. V . . Ian 

NEW JERSEY [RON MINING COMPANY, Port Oram, N. J., pt, 1886, 

N EW JERSEY ZINC AND IRON COMPANY, Franklin Furnace, N. J . tay, 18J 

NEW JERSEY WD PENNSYLVANIA CONCENTRATING WORKS, Ogden, v J., j orders, 1880-1K 

J. C. HAYDON & COMPANY, Janesville, Pa Jan., 18! 

LEHIGH COAL AND NAVIGATION COMPANY. Philadelphia, Pa., o orders, 1886-1891, 

LEHIGH AND WILK.KS-P.ARRE COAL COMPANY. Plymouth, Pa 1 orders, iSyo-i^ 

J. LANGDON & COMPANY, Incorporated, Shamokin I ... ... M ... . . 

MINERAL RAILROAD AND MINING COMPANY, Shamokin, Pa., 5 orders. 1887-18 

MIDVALLEY COAL COMPANY, Mount Carmel, Pa 2 orders. .*.,■>- 1- 

SUSQUKHANNA COAL COMPANY. Nanticoke, Pa., 3 orders, 1S91-1892, 

LYKENS VALLEY COAL COMPANY, Lykens. Pa., . - • J«>ly. •*•>•■ 

SUMMIT BRANCH RAILROAD COMPANY. WilUamsMwn, 1'. 4 orders, 1891-18 

SILVER BROOK COAL COMPANY, Silver Brook, Pa., . . Oct, 1891, 

SILVER BROOK COAL COMPANY, Mauch Chunk, Pa M" 

ALDEN COAI. O >MP \NY. Alden Station, Pa Keb.,1893. 

W. G. PAYNE .v I I IMP \NY, Kingston, Pa.,. . . Mar., 1893, 

DOLPH COAL COMPANY LIMITED, Scranton. Pa., . ... July, 1893, 

STANDARD COAL COMPANY, Brookwood, Ala., .... 2 orders. 1890-1S92, 

NEW HOOVER HILL GOLD MINING COMPANY, Randolph I ounty, M. C April, 1S81, 

NORTH CAROLINA GOLD MINING AND REDUCTION COMPANY, Salisbury. N. I Aug , 1882, 
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150 
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208 
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624 
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61 


44 
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X 144 
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208 
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I 200 
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730 
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764 
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240 
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• 


904 
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480 
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25O 
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X 5 2 


X 


xoo 


X 


xoo 


2 


240 
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5* 


2 


100 



170 



* 




Boilers* 



WILLIAM A. SWEET, Catawba, N. C ... Sept., 1880, 

CoNCrl.i »Ml RATI- MINING I OMPANY, Kagle Harbor. Midi 5 orders, 1881-1883, 

SILVER CLIFF MINING COMPANY, Colorado, . . .... 2 orders 1879-1880, 

PLATA VERDE SILVER MINING COMPANY, O Nov., 1879, 

11 L BRIDGEMAN, \ aycr, Pueblo, Colorado, . . . May, 18 

LNDOLPH & COMPANY, Central City, Colorado M ->, 

lk<>\ SILVER MINING COMPANY, Leadville, Colorado ... May, i88a, 

MOU1 fON MINING COMPANY, Butte City, Mon., - . . 3 rders, 1880-1881, 



M l \ MONTANA COMPANY, Wycks, \ q., . . . . - 

LEGAL 1 i NDER MINING I OMPANY, I lanq Mon . , 

NATION \L MINING AND EXPLORING I OMPANY Helena, Mon . 

BIG LODE MINING COMPANY, Idaho, . . . 

GERMANIA LEAD WORKS, Salt Lak< I • Utah 

EMPIRE MINING D >MP IN\ . Park I il 1 tah, 

MINI k KL POINT TUNNEL COMP \NY, 1 tah, 

Horn SILVER MINING 1 ■ IMPANY, Utah, 

G. BILLING, Smelting \\*«>rks k Socorro, N M . . 

SAN BERNARDINO BORAX MINING COMPANY, San Francisco, Cal 

DOMINION MINERAL I OMPANY, Nickel Mints, Sudbury, I ma da, .... 

I>< >MINI< >\ COAL COMPANY, LIMI I I I >. Caledonian Mines, Sydn. Brecon, < anada, 

I HI .a* IDIA COA1 COMPANY, Stellarton, Nova Scotia, 

ESTACA DE GLAD AI 1 ri Dl LOS R IN 1 S, Mexico, 

NEW VORK AND CHIHUAHUA MINING I OMPANY, Mexico, 

CORRALITOS MINING COMPANY, < hihuahua, M ■. . - . 

Gl l RRA GO! D IND SILVER MINING COMPANY, Mazatlan, Mexico 

CANDELERIA PUMPING SYNDIC VI i OB Nl W Y< »KK, s-.ledad, Mexi< o, 

NEGOCIACION MfNERA INTERNACIONAL, Canitas, Mexico 

i NION * lTOR< IN A MINING COMPANY, San I uis de Pot osi, Mexico Sept., 18 

VALLECILLO MINING COMPANY, Mexii Sept., 1881, 

IN 1 i RNATIONAL MINING I OMPANY, San Mi Id I Mesquital, Zicate. is Mexico, Jan , 1894, 

BEN! COL1 H RY, Bothwell, Scotland, istordei May, 1883, 1 

BENT COLLIERY, Hamilton, Scotland *th order Feb., 1 J 

MARK HURL! I oal Master, High Blantyre, Scotland, - . . . . . No 
TH] LANEMARK COAL COMPANY, New i umnock, Scotland, . . tpril, i 
SIR WILLIAM THOMAS LEWIS I >al Mine, Aberdare, South Wale 2 orders, 1889-18 
LEWIS MERTHYR COLLIERY, Iberdare, South Wales 



. . April, 1881, 
April, 1881, 

May, 1876, 

Feb , Ih 

May, if 

1 ,i. rs, 1*77-1880, 
- orders, 1878-1879, 
Nov . 1- 
. . April. i^A, 
. . Jan 

\pril, 18.,--, 

I >e< , 1 - 
j orders, 1SB4 tS 

2 orders, 

Mar , ifi 
. . Jan., 1881, 
. . June, 1885, 

I 1 i i . 1 - 
No\ . « 



►rders, 1891 18 
Oct., 

< h t . 1 & 

Ni ,1884, 
2 ordi rs, 1892 



POWELL-DUFFRYN STI \M CO A] COMPANY, Abanunan, South Wal< 
MARQUIS Ol BUTE'S T< >WI R COLLIERY, Hirwain, near \bi South Wa 

Mil GELL1 \ND TYNYBEDW COLLI! RII - I OMPANY, Cardiff U 
DAVID DAVIES & COMPANY, Treorky, Wales, .... 

OCEAN COAL O >MP \NV. I.IMI III- rreorky, Wales 

i Ml GLAMORGAN 1 OA1 COMPANY, LIMIT] D, I Iwympia, Wales, • orders, 189a 1893, 

ABER COLLIERY COMPANY, rynewydd, Wales, , . - . N01 1 

THE UNIV] RSAL STI \M COAL COMPANY, I I Ml II D, I 1 iillj Wales Ma 1 

THE DINAS MAIN COAL COMPANY, I ardiflf, Wales, , fulj ifl 

BURNYEAT, BROWNS COMPANY, Vberdare, South Wales, . Sepi 1 

COR* BROTH] & I OMPANY, I IMITED, Cardiff, Wales, ... Nov., 18 

rROEDYRH I A COAL COMPANY, South Wale Jai .i. 

PERSIAN BANK MINING CORPORATION, LIMITED, London and Persia, . . % orders, 1891 
SOUTH Ml [TON COA1 COMPANY, LIMITED, near Sunderland, England, . . - j orders, 1891 

THE Nl W SH \U I ESTON 1 01 I IERI1 - I OMPANY, LIMITED, Sharleston, I ; id, . De. , tSU 

JOHN CHALLINOR 8 COMPANY, Globe i Jliery, Fenton Stafford England Sept., il 

Mil GWAUN l \l ■ URW] \" COLLIERY COMPANY, LIMITED, Rotherham England, June, ifi 

^1 HELENS COAL AND BRICK COMP \NV. Workington, England, . . Oct., 18 

J. BOW] - & PARTNERS, I IMITED, Washington Co., Durham, England, , .... De< . .- 

LA COMPAGNIE 1 R VNQAISE DES MINES DE BAMBLE, Paris, Franc* . . . May, 1889, 

I I COMPAGNIE HOUILLERE HI BESSEG^S, Bes 1, France, ... . - 2orders,i89i 

COMPAGNIE DES MINES DU DADON, Reilmont, France hily, 1891, 

SOI Ml I METALLURGIQ1 I 1 'I CH IMPIGNEULLES ET NEUVES MAISONS, 

I ranee, * order?, 1893*1894, 

S0< 1 1- 1 I' \NnN. DES MINKS ET FONDERIES DU ZIN< D] LA VEI] LE-MONTAGNB 

Zinc Mr 1 ' giuin, ... 1 lei , 1 800-18^, 

1 8 1 DEVIS, Brussels, Belgium, - . May, 18 

Mil ];< -MM ERBANKER UEFBA1 COLLI! Bomrnern, Westphalia, *piil, 18 

NEW HORNA( HOS SILVER MINES < OMPANY, LIMIT! I' Huelva, Spain, Mar , 1889, 

iMPASlA " LA CRUZ," Linares, Spain, . I ■■ 

ALFREDO S< HA] R, Minede Mochucl 1 uidad Real, Spain, - . April, ■ ■ 

ISTYRA MINING COMPANY, The Dardanelles, Isia Minor, June, 18* 

BURMAH RUBY MINES Burmah, India, Od . .- 

rHE BRAKHEN COAL MINE, rransvaal, Africa Aug., 18 

VILL \<M. M \IN REEF GO! D MINING * OMPANY, Transvaal, Ifrica Mai . .- 

REUNERT & LENZ, for Mines, Johannesberg, Transvaal, Africa, 2 orders, i£ 

IILETE MINING COMPANY, Callao, Peru, S \ Di S74, 

GIANT'S DEN MINING O IMPANY, Sydney New South Wales, Australia Oct., 

I HE PIONEER GOLD MINING COMPANY, Yalwal, New South Wales. Australia, . . . Dec . it 
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5 
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2 
2 
6 
8 
16 
2 
2 
1 

3 
8 

1 
2 
2 
4 

2 

2 

3 
6 

x 

1 

1 

2 

2 

2 

6 

x 



3 

1 

1 



HP. 

75 

x,Q74 

400 

200 

60 

53 
225 

375 

l 5° 

75 

75 
82 

166 

600 

60 
120 
102 
104 

64 
630 
708 

245 

MS 
50 
50 

146 
61 

100 

50 

726 

240 
240 

750 
500 
2,196 
250 
246 

35 
372 
968 
140 
250 
250 
568 
246 
280 

94 
972 
124 
124 
104 
248 
280 

70 
294 

86 

720 

561 
96 

384 
40 

95 

35 

82 

80 

9 6 

96 

182 

150 

73 
173 
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171 
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*H 



RIVERTREE PRO PR I] I \k\ SILVER MINING COMPANY, Rivertree, N. & W., . June, rJ 

■ \ I III KIN I kill GOLD MINING COMPANY, Bendtgo, \ ictoria, Austral . . Jan . .J 

JOHN M DONA! D London f foi rtwrsdav Island, Queensland, . April, 

M KENNEDY Colliery, Grcymouth, New Zealand 

CONFECTIONERS, Et< 

i GREENFIELD'S SON & COMPANY, < ten, I \ > orders, \-\ if 

MM I I R'S, I andi< Ni i rk, July, iJ 

fOHN DIMLING l i Pittsburgh, Pa . An 

K & I SALMOND, Bakei I Confection Scotlam . . 

ii mi S l l MPAtft 1 ondon I nglaud, v.- i{ 

< \l»i;i \<\ & COMPANY, Chocolate, Bournville, England i ordei klai and July, 

MR M i .J I k. Budapest, Vustria . . Aug i - 

Cl'M 1 1 I & PATTERSON, 1 rail Preserving Factor] . Melbourne, New South Wales . . 
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Power House of Intramural Railway at the World's Columbian Exhibition, Chicago, in process of construction, with 5 000 H P. 

of Babcock & Wilcox Boilers, 1893. 



RXPORT AND COMMISSION HOUSES. 



WALTON w 1 \ YNS, Civil Engineer, New York, 

JOS1 Ml 1 SPINNEY, Merchant, New York, 

I Ul A' Hi >& VENG< 'l ( III \ Merchants, New Vork 

J FOGERTY, New York 

MOSB - I VYLOR 8 I OMPANY, New York, 



rs 
rs, 1S-1- 11 

. . I <■■ 

ders, Jan aad luuj 1 S80, 

Aug [{ 

Mar 1 



BEI Kl I I ,v M DOWE1 I MAN! FACT1 RING I OMPANY Nev Vork ,orders,. 

IKI Dl RK K PROBS1 S I OMPANY, Merchants New York, 

HENRY J- DAVISON, New York , orderi 

11 iLLEN, Merchant, New York, ... j une ,, 



Bl UK & ST1 I \1 I'. Merchants, New \ 



1881, 




J. M. SORZANu, New York \ Y . , orders' ,8*. 

FERNANDEZ A , XSTILLO, New Yor^ 

H. A. VATABLE »N, New York | J^i 



5 
3 

1 

2 

5 
»3 

3 

2 
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4 
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2 
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1 

2 

4 
I 
I 
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540 

3&0 

220 

75 

146 

246 
902 

243 

150 
50 

3&7 
104 
208 

845 

50 
112 

546 
104 
104 
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f 



JAMES McNIDER, New York, for Guatemala Aug., 

MOSLE BROTHERS, New York, for Cuba orders, i8 

ROBERT DEELEY & COMPANY, New York, May, 

E. L. BECERRA'S NEPHEVt & COMPANY, Mew York Jan., 

BUTLER, McDONALD & COMPANY, New York, , s orders, xi 

COLWELL IRON WORKS, New York, for Louisiana, . 2 orders. Mar., 

COLWELL IRON WORKS, New York, for Mexico, \>. 

\V. LOAIZA, New York, for Mexico 3 orders. 1- 

J. L. MOTT IRON WORKS, New York, for Mexico, .... Feb 

« INDELERIA PUMPING SYNDN \ I 1 < >l NEW YORK, for Mexico Feb., 

M ECHEVERRIA A COMPANY, New York, for Mexico Oct., 

THEODORI HERRMANN, New York, for Mexico, 2 orders, 1888- 

H. HERRMANN, New Vork, for Mexico, ... Mar., 

BRAZILIAN TRADE COMPANY, New York, for Brazil, kpril, 

FULLER, MEYER & SCHUMACHER, New York, for Mexico Feb., 

SI ZARTE & WHITNEY, New York, for Maracaibo, Venezuela, Nov., 

M. CAMACHO ROLDAN & Nl I'lll U . Nev% York, for M- ... fune, 

GEORGE BRUCE'S SON fi I OMPANY, New York, foi Mexia . . . • ordei , Oct. and Dec, 

AUGUSTUS A. GOUBERT, New York, for Cuba, a orders 1884- 

J. & G. F0W1 I K. New \ for ( uba, orders, Sept and Dec. 

HUGH KELLY, New York, for Ceiba Hueca, W I. Jan. 

GOMEZ & PI \k-\I.L. New York, for Cuba No> . 

JOSE" MEN ENDEZ ft COMPANY, New York, for Cuba, 

J B. VICINI & COMPANY, New York, for San Domingo, W. I., . In 

KUNHARD1 .v COMPANY, New York, for South America, . . Mar, 

J. APARICIO & COMPANY, New York, for Champeries, Central America Mai . 

i. AMSINCK & COMPANY New York, . . . Oct., 

PUNDERFORD & COMPANY New York, for Bogota, U * * ,S \, Oct., 

I \ ikl.\> & COMPANY, Boston, Mass., for Cuba, 2 orders, ti 

ROBERT McCULLOCH. Yonkers, N V., for Cuba, Sept., 

D I HOLDEN, Philadelphia, Pa., for China Se| 

rAWS & HARTMAN, Philadelphia, Pa., for Me 

J. ARCE & COMPANY, City of Mexico orders, 1888- 

1 M DE AR0ZAR1 NA, foi Publi< Baths City ol Mexico July, 

LAMES kl I III, Hydraulic and Gas Engineer, Edinburgh, Scotland ■ • • J84- 

BLAIR, CAMPBELL & M LI W Glasgow, for Costa Rica, . . ... Feb., 

I G CH 1MB! Rl UN, Costa Rica 

M [SH & WILSON, Consulting Engineers Glasgow, Scotland, . . . Dei 

UTKIN, M NEH & COMPANY Govan, Scotland, for Trinidad Aug., 

AITKIN, M M II 8l COMPANY, Govan, Scotland, for Mexico, Sept., 

k. I. ASHTON, G tland, for Calcutta, , Mar., 

F & !I GWYNNE, London,] tnd. for China Sept., 

ANDERSON BROTHERS, London,] I for India 



Boil. 



1 orders, \% 

23 orders 1! | 

; orders, 1 \ 



JAMES M I WW \ COMPANY, London, England, foi Australia, 
ARTH1 k Bl III R & 1 OMPANY, London, England, and Motihari, India. 
JAMES SIMPSON & COMPANY, I IMITED, Engineers, London, England, 

W. WALKER, London, England, for Bata via and Java . . 5 orders, 18J 

A. ST1 \kl. London, England, for Batoum, Russia, Api 

I \kMi: BRANDON Merchants, London, England, Aug. 

M LSON BROTH] RS, London, England foi New Zealand, 2 orders, 1887- 

TAKATA ft COMPANY, London, England, for Japan, . . 4 orders, 1887- 

i HANTON, 111 u I I II \ VENABLES, London, England, for Bayota Oct., 

ROSING BROTHEI COMPANY, London, England, for Rio de Janeiro, 2 orders, 1880- 

NORRIE, MITCHELL & COMPANY, L Ion, England, for India, . . 2orders,iJ 

nihil 1 , RODRIGUEZ & COMPANY, London, England, .... fune, 

II F. STANES, London, England, for New Zealand, Jan., 

HAMMOND .". I OMPANY, London, England, for Spain, . Borders, iS 

IOHN BIRCH & COMPANY, London, England De 

I Mm, NOVELLAS COMPANY, London, England, for Guatemal . June. 

in 1 IVIUS STEE] & COMPANY, London and Calcutta .... lug., 

HOWARD FARRAR ft COMPANY, London, for the Transvaal, h fcfrica 1 1891- 

J. HAMILTON, London, for Colombo Ceylon, • April, 

JAMES R. BENNIE, London, for Australia 

u VLKI R BR( 1 1 HERS I (radon, for Ceylon, ... rders, 1891 

w M.klk, SONS & COMPANY, LIMITED, Lon Ion, and Colombo, Ceylon, orders 

FINDLEY, I'l RHAM * BRODI1 London, for rtAnsvaal, Africa, 1 "rders, 1891 

I \ ROBINSON & COMPANY, I lon, for Transvaal, Africa, Oct., 

NOVELLI & COMPANY, London, and Seville, Spain, , x 

FOHN GORDON & COMPANY Lornl.>n, Kngland. . - ^pril, 

K. V ROBINSON & COMPANY, London, England, for South Africa, • Mar., 

SIM & COVENTRY, London, England, for Spain, . v ' 

MATVEIEFF & COMPANY, London, England, for Foochow, China, . ... . Dei 

MANLOVf ALLIOT ft COMPANY, Nottingham, England, for Braril, Nov., 

WILLIAM KYKI \ \ KPII I W. Liverpool, England, J- 1 

IX TEMPLE & COMPANY, Liverpool, I i rad.for Isia Minor, 2 orders, 18 

MILLWARD. BRADBURY & COMPANY Liverpool, England, for Brazil, . . . .rUcrs, 1 

[ONES, BURTON & COMPANY, Liverpool, for Ceylon, • Sc : 

JONES, BURTON ft COMPANY. Liverpool, for Braril » '-' • 



891. 
886, 

883, 

884, 

885, 

884, 

B8s, 
88s, 

890, 
887, 

887, 

889, 
892, 

890, 

&8o, 

... 

•■;. 

Syo, 
hSq, 
890, 
890, 

S90. 

B9I, 
B92, 

892, 

■ 
391, 

893, 

' 1, 

891, 
892, 



rs. 



10 



IO 

25 
12 

6 

I 

X 
2 

6 
I 

2 

4 

2 

I 

IO 

3 

1 

1 

4 

x 

x 

5 
6 

5 

2 



H.P. 

20 

2.5* 
41C 

xch 
480 

400 
122 

26X 

15 

X46 

75 
112 

61 

90 
25 
5i 

X22 

184 
246 

584 
208 

73 

193 

122 

35 
40 

35 
306 

104 
60 

122 

121 

20 

305 

122 

152 

loe 

no 

208 

52 

146 

120 

1,040 

1. 109 

871 

346 

104 

20 

140 

432 

•5 
200 

650 

416 

104 

1,224 

124 

20 

86 

354 

'3 
40 

136 
118 

5*4 
172 

48 

30 
106 

76 
246 

86 
492 

254 
613 

35 

76 






.H 
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E. GR1 I IH R, Manchester, England, I enoa. Italy 2orders, Feb. and 

Zll FER & W U Kl R, Manchester, I ngland, foi Brazil, ... . . D« 

JOHN M. -I MNER & COMPANY, Manchester, Eng u foi Russia and Mexic 33' 

G PI I /I R- ll \> in R, Mancl - gland . - . I ■ 

CHARLES MASCHW1TZ, ]*., Birmingham, England, , . . F« 

EDGAR ALLAN & COMPANY*, Sheffield, England, for Spain, .... [ui 

S. WALK El COMPANY, Wolverhampton, England, for Hong Kon( pt., 

U II DAVIS & COMPANY, \* /erhampton, England, for Ceylon, 

I B 8 I TURN1 R, Ipswich, I I, for Ceylon, Mar., 

ISA LEES \ » uMI'VNV, LIMITED, Oldham, I ngland, for Bombay, I 

JOHN III \k\ STEWART, Withington, England, for Brazil, i orders, 1 8 

WALSH, LOVETT & COMPAN\ Birmingham, England, for th> Himalaya M 

I ISH1 R \ I l IMPANY, Huddersfield I ngland, Eoi I anada, 

AMI I l\ \ RE \ \l D, Paris, foi Buen . . »ord< rs 

PORTALIS FRERES. I ^RBONNIER El CI1 Paris Fra 2 ordei tug and N01 
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HP. 


?, 


2 


34 




2 


124 




44 


5 3o6 




2 


336 


18S 


1 


104 


:. 


1 


30 




1 


•04 


1SS1, 
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30 


■8S 
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20 


-. 


3 


372 
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224 


1888, 


2 


107 




' 


108 


■ 


4 


130 


,-- 
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Babcock 4 Wilcox Boiler Over Puddling Furnace at Pennsylvania Bolt & Nut Company, Lebanon, Pa. 

823 H. P. now in use. 



2 orders, 1S91- 



riUNES MtLANIQUES, Paris, for Bahia. Brazil, , ,.,4-^ ,^,. 

RU IS & I II WRTIERE, Paris, France, for Rio de Janeiro, . 

P. BEBIN. Paris, Prance, for I Caro, Bolivia 

KN'RI'.'I I »,AIH V, Engineer for Spanish Government, Paris, France, for Porto 1 1 . D< 



ENRIQU1 IYNLO ll I II . Paris, Fram r Lima, Pen 

MAURU I simon ETAL1 \IN, Paris, for Brazil 

I. A COMPAGNI1 FRANCAIS1 DEZ MOTEURS A GAZ 11 CONSTRUC- 

TIONES MfiCAVlQl ES, Paris, for Bahia. BrazU, 5 orders t« 

KL 

P 

E 

F. PARADIS, Mi.-.. 1 lies. France, for Philippine Islands,. . \ 

P. MIGNON, Marseilles, Frame. ,J y ' 

L. FON'TAINI . Ii Madeleine lea Lille, France, .... Mll . 

J. J. MOREIRA FILS, Nice I n t, for Brazil 1,1, 

F. BORMANN & COMPANY, Zurich, Switzerland 7 orders iSm" 

STURGIS & FOLEY, Madrid Spain M 

HI \kV C Wll BRAHAM, Madeira, for Portugal, \ 

A. II IQUER, Barcelona, Spain, for Vick, Spain, 

A. FLA«.)!'F.k Barcelon iin for Micantc. Spain, ... . . . M 

A. FLAQUER, Barcelona, for Vick, Spain Kb 



Boilers. 

1 

l, 2 



■ 

1893, 

1891, 
1893, 



9 

1 

1 
1 
1 

6 
I 
3 
7 
1 
1 
2 
1 
I 



//. P. 

4& 

146 

369 
35 
98 

35 

76 
180 
140 
192 
347 
«5 

25 
500 

40 
3© 
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V1ZCAVA SOC ANON, DE METALLURGII ET CONSTRUCTION, Bilbao, Spaia 

STREET & COMPANY, Lisbon, Portugal, for Madeira 

m I X & HIRST, Hamburg, Germany, lor Venezuela, - - 
< ; | ^ | in R Braunschweig, * lennany, for Rosario, Argentina, « Odessa, etc 
Kji 3 MASi HIM N EXPORT Gl S< HUT, Diisseldorf , Germany 

I - 3] RGH1 IM. Vienna, Austria, for Oil Wells at Garlke-Galicia, 

C & I I WKI & BRANDT, Neuchatel, Switzerland, for Japan, - • 

A. BAI IK. Bucharest, Roumania, 

01 -/I W U I 8 KI RN, Kiev, Russia, - • 

A. B B \KV. Moscow, Russia 

MICHAEL YEKDEKAML, Licata, Sicily, 



Settlers 

June, iSgo, i 
Jan ,1894, 1 
June, 1893, 
3 orders, 1891-1892, 
. . July, 188 
. . ril, i£ 

Dec, 18 
1 1 ml rs 1 * 
. . May ' 3 
. . Feb.» 18 
. . July. i8t 



3 
1 
1 

1 
1 
1 

3 

T 



HP. 

9* 
123 

64 
3U> 

>3 
1 16 

104 
116 

85 
120 

?&1 




Forged Steel Cross Box. 





Forged Steel Drum Head. 



Boilet i If. P. 

H. COWAN DEANS & COMPANY, Rio de Janeiro, Brazil, 3 orders. 189 1891, 5 190 

MERCHANTS' BANKING COMPANY, Rio de Janeiro, Brazil, Julj 1 1 3& 

LEMGRUBER & LEMGRUBER, Rio de Janeiro, Brazil 1*88-1891, 2 80 

AGAR 1 ROSS a dPANY, Buenos Ayres, Argentine Republic, ordera 1894, 10 485 

LEWIS SAMUE1 ney, New South Wales • • ,xs r, 1 45 

] iSAYAN FRERES. Smyrna Vsia Minor, April, 1891, 1 76 



MARINE. 

Yacht " REVERIE," N V Yacht Club 

. In "COI \ rESS," N V Vachi « lub, 

SIR GILBERT CLAYTON EAS1 BART., Yacht ' ELEANOR," London, 

rHOMAS WILSON SONS & COMPANY, Steamer " Nl Hull Englai 

LA COMPAGNI1 DI NAVIGATION hl'H.V RE X PARIS I 1 LYONS, Paris, France, 

Steamer "ALGER IE,*' Bordeaux, Prance, 



April, 1890 
Jan., iSqj 
Nov , i&.)i 
July. 1802 
Sept., 188.) 
Dec, 1892 
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Babcock 4 W.lcox Boilers at Brooklyn City Railroad. Rear view of portion of battery during erection. 

12,500 H. P. now in use. 



* 



*H 



* 
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MISCELLANEOUS AND UNCLASSIFIED. 



Boilers. 



WILKIN'S TOY COMPANY, Kcene, N. H M . J"ty. i*8», 

NOAH BARLOW, Upholsterers' Goods, Philadelphia, Pa May, 1884, 

ARMSTRONG & COMPANY, I orks and Compressed Bungs, Pittsburg, Pa., May, 18 

UNHID STATES LAUNDRY COMPANY, San Francisco, CaL, Mar., 1892, 

CLOG SOLE FIERI COMPANY, Liverpool, England, Nov., 18 

JOHN BLUTH & COMPANY, London, England, Feb , 1890, 

INDIA RUBBER G\ rTA PERCHA & TELEGRAPH WORKS, Silverton, London, Eng., Mar-, i« 

BELLS 1 ASBESTOS COMPANY, Limited, London, England Mar., iJ 



BASTIN & LAWSON, Southampton, hngland. 

FELBUR, JUCKEF *v I OMPANY, Manchester, England 

CORPORATION Of WARRINGTON, Destruction Works, Warrington, England, 

\v E. CAMERON, Maccl< England, 

EDWARD BAINES & SONS, Leeds, Eugland, 

kSHWELL, & COMPANY, Leeds, England, Feb., i* 

(.AMUR IAN PA II NT FUEL COMPANY, < ardiff, W al< 5, .... . . Dec, 1886, 



Jan.. 188/, 
Not , 1888, 
I ta ., 1892, 
Oct., 18! 

Not . 



< tJVIER, I Maker. Neuville, Ferrifcres, l-rarr*, . . . . 

ROUSSEL, Wick Maker, Lmiens, France, ... 

I iMPAGNIE DE REMORQ1 IG1 . Maxseilles, France, . 

A. BAQUET, Butter Maker, Vesley (Eure), France, .... 
RICHARD MAISONNEUVE, Butter Maker, Julian L' Escape, France, 
VANDER MARLIER FR&RES 1 I SCEURS, Warenton, Irmanti&res France, 

M DE I ■■< »RUV1 I II. Paris, France, 

H. BERTON, Sheath Works, Paris, France, , 

II ETTERY, Voorhein, 1 ] 1 NTHOVEN & I OMPANY, La Hague, Holland, 
M H SALOMONSON, Fodder Manufacturer, Kralingen, Holland, .... 
L. COBBART FILS ET CIE., Matches, NInove, Belgium 

1 DE LA ROYERE-MASUR* 1 L, India Rubber, Brussels, Belgium, 

I S< HUBERT, Berlin, Germany 

STEINLEIN BROTHERS, Berlin, Germany, - 

KOHLSTEDT & GRAMMBERG, Nordeney, Germany, 



NCA .. l886, 

Noi , 
b . 1889 

Mar . 1689, 

Nov., 1 - 

Nbi . 1891, 
Fan . 1893, 
Oct., i8q3, 

Mar . 1 - 

July, r- 

Aug . 1E89, 

Aug . 18*8, 

April, 1 ■ i . 

Sept., 1897, 
Ian , iss\ 



PFLAUM & GERLACH, Berlin, Germany Fuly, 1887, 



July. 1* 

Sept . 1 • 

< hi , 1889, 

July, 1891, 

April, 1891, 

June, 1891, 

May. 1893. 

Sept., 18 

Noi . |XS, >p 
\ ■ > ■. , 18 

M it, 

'i . 18911 
July, r! 



k. SCHERING, Apothecary, Berlin, German) 

THE NEW BERLINER PARKETI \ M K I. Berlin, Gernrny 

A. v < HMID, Leipzig, Germany ... 

JULIUS HOFM1 MI . Martinrenfclds, Germany . . 

CHARLES WKIk I kkshald, Norwa) 

THE HOIE FABRIKK1 R Christiansand, Norway, - 

1GNES FYRSTIKI iBRIK, Match Factory, Frederiksvarn, Norway, ... 

HFDEMARKENS Ml IKRL Dairy, Hamas, Norway, 

CIT1 01 COPENHAGEN, for " Di struction " Establishment, ' openhagen I »en. 

H. MULLY, Mollersdorf, Vienna, Austria, 

BARTELM1 5& WITTE, Enameled Goods, Briinn, Austria, 
GEOR< WEIFERT, Belgrade, Servia, . ... 

I PRIMA SO( \ MORELOR DE ALBURI ET DIN BOTSANI, Botsani, Roumania, 

A. MESSINES 1 I « M . [NGEGN1 Rl 1ND1 STRIAL1 Naples, Italy, - Nov., 1891, 

BARON N. LA( kPRA S A BELLI, Pontecorvo, Italy, Feb., 1891, 

VOMVILLER & COMPANY, Romagnano, Italy, May, 

GI1 51 PP1 PI NS» »NI, I renoa Italy, M,r ■ 

A I MARCHESI. Dignano, Istria, . . ... Nov., iJ 

1 K SOCIETA DIQUES SECOS DI OLAVEAGA, Bilbao, Spain, June, <- 

ANTONIO PONS SORI» H, M 1 Barcelona, Spain, Mar., 18 

SANITARY COMMISSION, Gibraltar, Spain, ;.t.i*-.». 

J. (i GALMNOFF, St. Petersburg, Russia Jan., 1891, 

M DEMIDi 'I F, M n Russia *ug '" 

LNOWITSCH ALEXAJEFI Moscow, Russia, 2 orders, 1883-1884. 

R. & 1 ELWORTHY, Eluabethfcrad, Russ a orders, 1884 

S M. LI INASOF1 . Salt Mill, Waldimiroffka, R ( b -. ,v 

S M SHIBvEFF & COMPANY, Batoum, Russia, Sept., 1885, 

p \ SOLOWJIFF, Hirehatel, Russia June, ii 

TRIPANIS, l'KRl i 1 FILS, Adana, Asia Mini * orders, 1891-1892, 

FRANCISCO G PALACIO, Durango, Mexico, Mar., 1890, 

FUAN S tGUIRRE & COMPANY, Mexico, . - 2 orders, 1889-1890, 

PEDRO PARDO ROCHA, Bogota, U. S. C, S.A Oct., 1889, 

LA 4PAR1A NOVA INDUSTRA, Rio dejanerio, Bnuil, Oct., 1886, 

JOAQUIN ARANGO, Rio de Janeiro, Rnuil, Oct., 1888, 

J. F. MARQU1 & COMPANY, Rio de Janeiro, Brail 3 orders, i&/>-iS<m, 

C. SEIGNEURIT, Rio de Janeiro, Brazil Aug.. 1- ■,». 

WEkv. XI »0 DE FRUTOS, Munte video, Uruguay - Nov., 1890, 



2 

1 
2 

x 

x 

1 

2 

1 

X 
2 
2 

I 
I 
I 
2 
I 
2 
I 
I 
I 

3 

1 

r 



H.P. 

b° 

30 

208 

X38 
64 

190 

210 

30 

104 

97 

30 
192 

45 

92 

5X 

20 

19 

10 

57 

64 

25 
26 

192 

123 

68 

46 
30 

5' 

25 

26 

45 

1 I 
no 

46 

64 
68 

88 

40 
20 

212 
7X 
50 

220 

52 
128 

208 
148 

*5 
96 

86 

152 
40 

35 

*95 

93 

73 

51 

73 

197 

51 
200 

35 

35 

35 
120 

30 
192 
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C SEMINO V HUOS, Rosario, Argentina 

DELPIANO, LUCAS Y ( [A., Bueuos Ayres, ,jxgentina, . 

JUAN LAMAISON, Buenos Ayres, Argentina 

ZADIK & CHEESMAN, Quenaltenango, Guatemala, . . 

ALBERT SCHEYER, Auckland. New Zealand 

TANJONG PAGAR DOCK COMPANY, LIMITED, Singapore, Straita Settlements 
JUMMA PUBLIC WORKS, Kashmere, India, 

E. T. ATKINSON, Lahore, Punjab, India, 

JOHN FLEMMINd & COMPANY, i:..mbay. Ind.a 



BoUeri. HP. 



Oct., i- 
April, r- 
Oct., 1S86, 
June. 1S90, 
1 in., if 

Feb., 1*93, 
Not . 1893, 

Mar., i> 
it, 1892, 



1 
1 
1 
1 
1 
1 
1 
1 
: 



96 
93 
•5 
73 

51 
96 

96 

25 
25 
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25 H. P. Boiler built to carry 300 to 400 lbs. pressure for Nikola Tesla, New York. 
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THE UNPARALLELED RECORD 



OF THE 



BABCQCK & WILCOX WATER-TUBE 

BOILERS 



as shown in the preceding pages, proves once again, and particularly in regard to 
boilers, what has been frequently proven in regard to other things, that 

"THE BEST IS THE CHEAPEST," 

no matter what may be the first cost. 

In purchasing boilers the buyer wishes to be assured on six points, two regarding 
the parties with whom he is dealing, and four pertaining to the article to be purchased. 
Of the former he wishes to know, first, if the party is financially responsible and has 
such reputation that he may depend upon being honorably treated, and, second, if the 
manutacturer is likely to remain long enough in business to supply needed repairs 
from the special patterns employed. 

In regard to the boiler he needs to know : — 

is t. Its RELIABILITY : Whether it can be depended upon to do his work through 

thick and thin ? Long and satisfactory use by different persons under various 
conditions is the best answer to this question. 

2 d. Its ECONOMY: Whether it will be wasteful or saving in the use of fuel. Econ- 
omy is claimed in behalf of every boiler made, and many times to an extravagant 
and impossible extent. Here again a long and favorable record is the only certain 
criterion. 

3d.— Its SAFETY: Whether it is liable to explode and cause a greater damage to life 
and property than it, with all its other advantages, is worth. Time is also nec- 
essary to prove the truth of claims in this respect. 

4 th —Its DURABILITY: Will it require early or extensive repairs, or have soon to be 
replaced with another construction ? Nothing but a long-continued use can deter- 
?nine this point. No less than thirty competitors in water-tube boilers have 
arisen, flourished for a short time, and then sunk to oblivion since the Babcock 
& Wilcox boiler was first introduced. Of nine sectional boilers at the U. 3. 
Centennial, the Babcock & Wilcox is the only one now manufactured, thus jus- 
tifying the caution of the judges, who, in awarding the prizes, said that time 
alone could determine the value of the construction. He who buys an untried 
invention takes all the risk of its success. 



THE BABCOCK & WILCOX COMPANY 

have pleasure in referring intending purchasers to any of their former customers lor, 
their responsibility and the character of their dealings. 



* 



THE BABCOCK & WILCOX BOILERS were awarded the -ORANO PRIX' 
(Highest Award i at the Exposition Universe! le, Paris, io»q. 
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How does the Babcock & Wilcox Water-Tube 
Boiler Stand Scrutiny in the Record of Time ? 



IT IS RELIABLE. 

The long list of purchasers, extending over twenty-three years, the continued and 
repeated orders from those who know it best, with the fact that it has made its waj 
against all opposition into extended use in all parts of the known world, and into the 
most exacting trades, demanding the establishment of manufactories in four countries, 
is sufficient proof on this point. 

IT IS ECONOMICAL. 

The table given of thirty tests, extending from Glasgow to San Francisco, with 
many kinds of coal, and under many conditions, in which an aggregate of over thirty- 
one hundred tons of water were evaporated, with a little over two hundred and seventy- 
tons of combustible, shows an actual economy within about seven per cent, of the 
highest theoretically practical under similar conditions. It is quite safe to say that no 
other boiler can show a better record for economy. 

IT IS SAFE. 

On this point the record is complete. Boilers developing HALF A MILLION 
HORSE-POWER, sold during twenty-three years without loss of life or property by 
explosion, is a record without parallel. Other so-called " Safety " boilers have exploded 
but the Babcock & Wilcox never, though, probably, more of them have been put into 
use than of all others combined. There are boilers now offered in the market as 
"Safety" boilers which have no other claim to the distinction than the deceptive name. 

IT IS DURABLE. 

The wonderful record of over one hundred thousand horse-p<r,oer of these boilers in 
use from two to twenty years, many of them driven day and night, on whieh the average 
eost of repairs has not exeeeded FIVE CENTS YEARLY PER HORSEPOWER 
for the boiler proper from all causes, speaks volumes on this point What does it mean ? 
It means that the wear and tear, including accidents, on the average is about one-halt 
of one per cent, per annum upon the eost (not including furnaces and masonrv), while that 

tlTX f wm 1 T' y CStimated at leSS than ** * CCnL As to the Retime of a 
Babcock & Wilcox boiler, experience so far fixes no data for a limit Twenty-three 

years use has developed no single instance of a boiler being worn out in legitimate 

Pristine vouth wZZ " ****** *"* "** ^ aPParCntlV rCSt ° red them <° **' 
pr.stine youth We see no reason to suppose that at the end of fifty years, with the 

occasional replacing of damaged parts, they may nut be "as good as new." 

P*I?» l AB u°u K & WILCOX BOILER was awarded the "GRAND 
fKiA, the Highest Award given at the EXPOSITION UNIVER- 
SELLE DE 1889, »n Paris. 



Specifications, Circulars, and all Informat,on Furn.shed on Application 

ANY OF THE OFFICES OF THIS COMPANY. 
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